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RATE AND EXTENT OF DEVELOPMENT OP NEOTENIC 
REPRODUOTrVES IN QROUPS OP NYMPHS OP 
THE TERMITE GENHS ZOOTERMOP8IS 

BY 

8. P. LIGHT AND PAUL L. ILLO 

INTRODUCTION 

A RBMARKARLE characteriB< ic of the termite colony is its ability to regulate the 
sexual function. In the normal wild colony still headed by the founding pair, this 
male and female arc the only reproduetives in the colony, but if one or both of them 
are killed or removed, or if groups of nymphs are isolated from them, some of the 
nymphs become precociously reproductive while still nymphal in many of their 
characteristics. These neoteiiic individuals are termed supplementary reproduc* 
tives. Castle (1934) found t hat all nymphs of the damp-wood termites {Zootermop- 
sis Emensou = Termpsis Ilageu) above the third instar, except perhaps the late 
seventh-instar wing-padded nymplis, are capable of undergoing this precocious 
sexual development. The work of Light (1942-1943,1944) has amply confirmed 
those findings. 

The fact remains, however, that not aU nymphs in any isolated group become 
reproduetives; that is, the inherent tendency or capacity of nymphs to become 
neotenic reproduetives is in some way controlled or regulated within the group 
(Light, 1943, p. 52). The relative number of nymphs in isolated groups of nymphs 
which do become supplementaries and the rate at which they appear within the 
groups differ widely, and the differences in rate and extent are, in part at least, 
coiTolatod with differences in the origin of the nymphs, in tlie composition of the 
groups, and in the treatment which the groups receive. 

A recently published review (Light, 1942-1943), summarizes briefiy some of the 
differences in the rate and extent of reproductivity (the development of supple¬ 
mentaries and the rcsidting reproduction) found to occur between scries of groups 
of isolated nymphs of the damp-wood termites. In this paper the experiments and 
results are presented in gi-cater detail. 

By “series” is meant a number of groups, usually 20, of the same origin and 
composition, set up at the same time and treated in the same way. The number of 
individuals in Ihe group has most commonly been 20 but has varied from 10 to 50 
with the (‘xperiment. Kucli series are arbitrarily designated from the beginning of 
the experinumt, eacli group being given a group number. Thus, in experiment 3DS 
(p. 32) there were six identical series, SDS-Ol to 3DS-C6, each composed of 20 
groups. The groups of series of HDH-CIl were designated 3DS-01,1 to 3DS-G1,20 
(table 17), and those of the other five aeries were similarly numbered. 

MATERIALS AND METHODS 

The smaller damp-wood termite, Zootermopsis nevadensis (Hagen), has been used 
exclusively in the experiments here reported. The work of Heath (1927) and of 
Castle (1934), and all of our experience indicates, however, that the two closely 
related siieeles of the genus, Z. nevademis aud Z. a^tgustkolUs, although they 
exhibit definite ecological and psychological differences and differences in develop¬ 
mental rates, are so similar in basic features of life cycle and development of sup¬ 
plementaries, and also in castes and constitution of colony in general, as to make it 



2 TJwiversiiy of California Publications in Zoology 

safe to assume that findings obtained in studying one species will hold true for the 
other in these respects. 

By far the greater part of the termites used, have been obtained from Moiitoi'oy 
pine logs found in holding of the Del Monte Properties Company in hlontoroy 
County, California, and made available through the kindness of Mr. C. M. Olmsted, 
Division Manager. It may be remembered that the lermites used by Ilealli (l!)07, 
1927, 1928) in his studies on castes and colony develoiniumt were obtained fi'om 
this same region, as were some of tliosc used by Castle (19.‘W). 

In collecting termites for experimental use, logs are i)ar1 ially opened in the th'ld, 
and those which seem to contain thriving colonies are brought into the laboratoi 7 , 
where they are kept moist until they are needed. Invasions and mixing of colonies 
are found to occur if care is not taken to keep the logs separated. 

The colony is not extracted until preparations for setting up the experiment arc 
complete. When everything is ready, the log is sawed into short lejigths and the 
termites shaken or jarred out on a paper and transferred at once to a collect ing jar. 
Next the lengths of log ai-e carefully split and the remaining termites removed to 
the collecting jar. Later the termites are separated from the debris and ke])( in 
culture dishes which contain moist paper and are kept closed as much as possible 
to prevent desiccation. Every effort is made to avoid rough handling and exposure 
to the drying effects of the atmosphere. Damaged individuals are discarded at oiu'c, 
since the dead become centers of development of fungus and bacteria which may 
then extend their attacks to the normal members of the group. 

In the process of sorting the temites of largo groups or colonies on the basis of 
types or instars, the group is usually placed in a clean glass dish. When this is 1 ilted, 
the larger animals gradually move to the edge, where the experienced operator cun 
make the selection and gently brush the individuals into separate dishes by means 
of a No. 6 camel’s hair brush. All the dishes (usnally half petid dishes) are con¬ 
stantly replenished with damp paper, which is cut as a rule in the fom of a dis(! 
fitted to the bottom of the dish and, if need be, saturated with water to prevent the 
animals from crawling beneatli the paper. Dishes not subject to immediate observa¬ 
tion or manipulation are kept covered to retain moisture. 

Individual termites are best handled by means of a small wooden spatJila. 
Termites will usually leave a glass surface for the wood of the spatula. Forceps or 
similar instruments invariably bruise them. An individual termite can be removed 
from wood, paper, or glass by gently and eanffully prying up with the tap(‘red t ip 
of the spatula until the animal loses its grip on the original surfiiee, whereupon it 
will cling to the spatula, or by using the brush to push it against tlie spalula. 
Removal from the spatula is best aceomplished by gentle brushing with the soft 
brush. In transferring termites in rapid, large-scale sorting or manipulations the 
habit is almost inescapably acquired of tapping the spatula sharply with the fore¬ 
finger, to dislodge the termite. This is effective, but may seriously bruise the tonnite 
as it is flung into the dish unless the operator is sxifficiently experienced to he able 
to judge closely the degree of force which may be safely exerted. 

When the observations were to be made, the termites of a group were removed 
from the jar on the food material. From it they were gently brushed with a camel’s 
hair brush either back into the housing jar or into a petri dish. When paper is the 
only food used, it is simple to brush all the termites into the jar, where the neccssa ry 
observations can be made. If wood in fairly large pieces has been supplied, it is 
usually necessary to remove it from the jar, and often it must be split with a knife 
to remove all the animals from tiieir galleries. 
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Castle (1934) used groups of 50 nymphs but only a few groups for each experi¬ 
ment. If the experiments gave elear-cut results, a few gi'oups would suffice, but so 
far results have not been conclusive and the use of series consisting of many groups 
is indicated. Since it is imperative, because of the potential differences in reprodue- 
tivity between colonies (brought out later in this paper), that all animals of a given 
experiment, eontrols as well as experimentals, bo from a single colony, reduction 
of the group to the minimum number capable of functioning normally becomes 
especially impoi-tant. Curiously, past evidence as to the smallest group able to 
accomplish itilegration and normal functioning has been conflicthig. In some series, 
groups of 10 have prospered, but in general the impression holds that groups of 20 
to 30 are more commonly successful. More evidence is called for here, since the 
differences may have been due more to moisture conditions than size of groups. 

Each group was housed in a small ointment ,iar with a screw-top lid. Jars of one-, 
two-, or threc-ounce capacity were used. Earlier experiments indicated that when 
large numbers are used in small containers, crowding offsets the advantage (if there 
is any) inherent in the larger group, llesults of one such experiment set up in April, 
1938, are given in table 1. The mortality after 20 weeks for groups of 30,50, and 100 
individuals, all in two-ounce jars, was, respectively 46 per cent, 50 percent, and 73 
per cent, whereas that for groups of 5 and 10 in one-ounce jars was 26 per cent and 
28 per cent, respectively, and that for groups of 20 in one-ounce ,iars was 50 per cent. 

MOKTALITY IN EXPERIMENTAL GROUPS 

All investigators who have attemjjted to use termites as experimental animals have 
encountered, and most have reported, the occurrence of relatively high mortality in 
experimental groups. This mortality seems to have various causes, some of them 
obvious as in the case of epidemics of disease, or where deaths are correlated with 
drying or with excessive moisture. The difficulties were well stated by Grass! and 
Saudias in speaking of Kaloltrmes fiamcollis, “Some of these little nests can be 
kept alive for several mouths bxit many die after a few weeks. The tubes are partly 
filled with fragments of wood, which should be neither too diy nor too moist. In the 
foniier case, the itisects gradually shrivel, contract, dry up and die; and in the latter 
case there is a deposit of water vapor on the inner walls, and they are evidently 
killed by over-dampness. Death ensues more or less rapidly according to the amount 
of wat<‘r d('posited, and is sometimes almost as sudden as if the insects wore suffo¬ 
cated or chloroformed. Hlow dea I h due to over-dampness may be aecomi>aHiod by dis- 
tiuct oedema or reddish discoloration of the body; the latter is accompanied by the 
presence of a bacterium which I have not investigated” (English translation, 1897). 

When left to themselves in covered containers with plenty of food material (paper 
or wood), coloni(‘s, fraet ions of colonies, and even large mixed groups thrive, repro¬ 
duce, and often inen'ose in nnmhers. Under t hese eirenmstances the animals control 
their own moist ure eondit ions and live essent iaily as they do in nature. Nor observa¬ 
tional and experimental purposes, liowevcr, the use of smaller groups is necessary, 
and relatively frequent disturbanee and handling are unavoidable. It was hoped 
that it would be i«)ssiblc to eliminate mortality during the course of experimonts, 
or at least to reduce it to a negligible minimum. To this end the utmost care was 
exercised in hamlling the termites to avoid drying, squeezing, or otherwise injuring 
them. Vaa’ions types of eontainers were tried, and various methods of supplying 
moisture. At times progress seemed to have been made, but it bas not proved possible 
to eliminate sporadic deaths, as all tabulations of results will indicate. The nature 
and mode of oeeuroueo of these deaths a3*c such ns to leave tlioir eauses in doubt in 
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many instances. They continue to occur as loiiff as the scries i.s kept under observa¬ 
tion, althor^h certain gi’oups in the series may show few if any deaths (tlius no 20, 
table 17). Nearly always, also, some groups show very high mortality, rendering 
them useless for experimental purposes (thus no. 18, in table 17). Such groU])s be¬ 
have in a fashion which suggests that the mortality is <lne to disease. In addition to 
the sporadic and incidental deaths throughout all the groups, and the epideini(*s 
localized within single groups, there are the epidemics of recognizable diseases which 
extend through many or all groups of a series or of all the series which come from a 
given colony. The most important of these diseases is the red disease mentioned by 
Grassi (1897, p. 251), and recently studied by Delhich and McOmie (192!)). The 
oedema mentioned by Grassi seems to be a diffi'rcnl disease, as is t he second disiniso 
reported by DeBach and McOmie in which the head turns black. These, and at least 
one other characteristic disease, destroy large numbers of individuals, usually 
attack many groups in a series, and necessitate abandonment of the experinumt. 
The diseases seem to be endemic and to become epidemic under conditions not yet 
undei'stood by us, seemingly especially in experimental groups, piDhably because 
of the excessive handling to which they are unavoidably sub,jected. 

In studies conducted since completion of the last of the exj)erimonts reporte<l 
here we have developed methods of culture which greatly reduce the mortality in 
laboratory groups and which eliminate most of the abnormalities in laboratory 
conditions and treatment which led to the failure of reproductivity in many groups 
of the experiments. We hope to repeat enough of the experiments, using the new 
methods, to substantiate and amplify our conclusions and to clarify details. A 
repetition of all the experiments will be physically impossible. 

FOOD AND FEEDING 

In some experiments the groups were fed moist filter paper; in others i)ieees of 
Monterey pine were used, covered with circles of filter paper or paper toweling. 
Coarse sawdust in 1.5- or 3-per cent agar is giving prom wing results under ct*rtaiii 
eireumstiinees, as will be reported in later papers. 

RECORDS 

At given inteiwals the group was removed from the .jar, I he population counted ami 
recorded, and records made of the number of pigmented individuals (su{)f)l<*men- 
taries) present, the presence of eggs, and, in some cases, the number of eggs, and lh(> 
presence of young. Heeords were usually nuule for each group at wc(‘kly intervals 
beginning usmiUy at the fourth or fifth week. 

These data were compiled by a large staff closely supervised by trained seientisis. 
The actual records, tlierefore, represent the routine observations of employe(>s of 
different ability, training, and performanee. 

The items of raw data are of course subject to various inaccuracies such as mis¬ 
takes in counting or recording, failure to recognize incipient supplementaries, and 
failure to record deaths of supplementaries, Supplemeutaides which were recorded 
as having died have been included in succeeding totals. Actually the dead indi¬ 
viduals are usually eaten by the other members of the colony, or if the body is present 
it is usually so altered in appearance that its identification as a supplemonlary is 
difficult if not impossible. Where the record showed a decrease in tlie number of 
supplementaries in a group, though no specific record of death of supplomeniaides 
was made, it has been assumed that this decrease was due to the death of supiile- 
mentaries if a corresponding decrease in recorded population made this a logical 
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assumption. Thus, if tlu* iminber of supplemonlaries recorded for a given group 
at the tenth week was 4, and the surviving popiiJation 18, then a record of 3 supple- 
mentaries for tliat group for the eleventh week was taken to mean that one supple¬ 
mentary had died if the population was recorded as 17 or less, and the total 
suppiemeutaries for the group was still considered as *1. On the original records this 
remains as 3, how(‘ver. Then, if later the re(‘orded number of supplementaries is 
incr<*ased to 4 again, it is assumed that a new supplementaiy has been produced. 
In some instances this may i)ossibly bethe recognition again of a previously recorded 
supplenuMilary overlooked in a succeeding record. 

In those instances in which, although a decreased number of siipplcnientaries was 
recorded, 1 here was no recorded loss in population of tlie group there was evidently 
an error of observation or of record. In such instances earlier and later records were 
scrutinized in order to determine whether the data indicated (1) that the preceding 
recorded number of supplementaries was in error, or (2) that the reduction in 
number of supplementaries was clue to failure of the recorcler to recognize one sup- 
plcmientary, or (3) that tlie recorded population was in error and a supplementary 
had actually died. 

Tliiless ot herwise stated, correct ions have been made for all experiments reported 
on the basis outlined above. We believe that in general the effect of these corrections 
is to give a more accurate (‘X[)ression of reproduclivity than tliat furnished by 
the uncorrected re(*or<ls. They have almost (*ertainly rc^sulted in a slight general 
exaggeration of the numbers of supplementaries produced. There is no reason to 
believe, liowever, that this trend is significant in degree or differentially concen¬ 
trated by series. 

Various procedtires have been followed coaeerning groups which died out during 
the experiment, hi future experiments sufficiently large series should be used to 
make il possible to completely disregard grouj)s which die out during the experi¬ 
ment, or in wliicli high mortality occurs, without eiidangeriaig the validity of the 
conclusions. 

Ex(*cpt for the correc^tions mentioned in the preceding paragraphs we present 
tlie fiiniings of these experiments as they slaiul, in the belief that they indicate 
correctly major features and trends. They represent so gi'oat an investment of 
time that o])portunity for similarly large-scale treatment of those problems will 
liresumably not be available again. Determinationof thedelailsof the physiological 
and sociological events in groups of nymphs separatiul from reproductives calls 
for very lime-eonsuming ami detailed investigation. fSucli studies are necessary, 
Jiowcvcr, to clarify tlie details of the situations here presented in rough outline. 

1{H(^()(}NITI()N OF HUPPhEMENTAiUES 

Tt is not always possible to recognize neotenie repro(hictives (supplementaries) by 
pigmental ion, since this is at times delayed unlil after egglayitig commenees. In 
females, if the head is not snflicienlly pigmented to allow for certain identification 
of the animal as a suppienumtary, the presence of a distinctly pigmented seventh 
sternite will confirm the diagnosis. With males the problem is more difficult, pig¬ 
mentation being less striking and more irregular in its appearance in this sex. Here, 
in many instances at least, the anterior border of the last (ninth) sternite will show 
pigmentation in the funetional mole. 

Ultimately all supplementaries become distinctly pigmented and in actual prac¬ 
tice recoj'ds ai^e based ent lively on pigmentation as observed with the aid of a reading 
lens with occasional reference to the pigmentation of the genital sternite. The eon- 
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sistently lower in C3 with groups of 20 than in C4 with groups of 10. Again it will be 
seen, however, that the mortality was consistently higher in C3 than in C4. To com¬ 
pensate for the error which might arise from differential mortality, the percentage 
of existing population which had become supplementaries is given. Here, also, it 
will be seen that the percentage is distinctly lower for C3 than for 0*1, particularly 
in the later period of the experiment. More individuals became supplementaries in 
the larger groups of 03 than in the smaller groups of 04, but by no means twice as 
many. In other words, the group in some way regulates or del ermines the develop¬ 
ment of supplementaries. 

It should be kept in mind, also, that development of supplementaries in a given 
group does not continue indefinitely at the initial rate. The groups tend to become 
stabilized in this regard at a figure varying to some extent with the series. The 
differences between series tend to remain the same, therefore, although the number 
of new supplementaries produced declines and a plateau is reached after about 8 
to 10 weeks. The features of rate and extent of reproductivity are combined in 
practice by comparing the extent at any given time or series of times after isolation. 
Since the relative differences tend to persist throughout an experiment, they would 
seem to be expressions in part at least of the particular differences in physiological 
condition within the particular nymphs of the type or types used in tlie particular 
colony at the particular time under the particular conditions of treatment. As will 
be seen in experiments D2B and D4A (pp. 24-27) ''the potential reproductivity 
of a colony seems capable of shifting strikingly within a few weeks or months. The 
cause or causes of such shifts are not clear as yet. but are possibly of the same nature 
as those which result in the differences between colonies with respect to repro- 
ductivity, 

GENERAL RESULTS 

By no means all of the different tests of the rate and extent of development of 
supplementary reproductives are reported here. Those are omitted in whi(*h there 
was an unusually high incidence of mortality, especially those in which gi’oat differ¬ 
ences in mortality between controls and experimenlals might have obscured differ¬ 
ences in reproduetivity. It may be said, however, that so far as the results of these 
unreported experiments are significant, they are in agreement with those presented. 
Further, the results of numerous experiments set up for other purjmses arc germane 
to this problem. These, again, are in agreement with those reported. 

These experiments make it abundantly clear that differences in rate atid extent 
of reproduetivity are to bo expected between series, however const it uted. These 
differences and reproduetivity as such arc susceptible of quantitative tonnulation 
within the given experiment. Quantitative comparison of the findings of diff(‘rent 
experiments has not been possible. For one thing, the conditions of the several 
experiments (containers, food, handling) were significantly different. Dealing as 
we have been with a new laboratory animal and one presenting unusual difthmlties 
because it is obligatorily social and closely adjusted to a biological regime not easily 
maintained in the laboratory, extensive experimentation with laboratory methods 
has had to go hand in hand with the more definitive experimental program. More 
important perhaps in preventing quantitative comparisons of results is the fact 
that groups of different composition were used in the experiments. This lack of 
uniformity was due partly to the fact that the ideal composition for such groups 
was itself a subject of experimentation, but more importantly to the very great 
differences in the composition of the colonies used as sources of material. 

In some instances all of the animals used in an experiment were of the same instar. 
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This gives an apparent uniformity, but is far from the natural condition in the 
colony, where nymphs of various types and instars are associated. And the mere 
fact that nymphs are of tlie same instar does not mean that their potentialities for 
tramsfonniug into snpplementaries are the same. Otherwise all of them would so 
transform, and at the same time, wlii(*li is by no means the ease. 

In other experiments the nymphs were chosen at random. Even here, of course, 
there was I’eal ly a ei'rtain amount of .seleetion, since very smal 1 nymphs were seldom 
included, nor tliose late in the alate line (wing-jiadded nymphs wth swollen wing 
pads). In still other exjieriments, after taking a census of the colony a formula 
was devi.sed wliieli would give each group a eoisslitulion similar to that of the colony 
as regards oldm- nymphs at least. This system is illustrated in experiment SDR 
reported on pages .‘{2-.‘hi, below. The u.se of various nymphal types in making up 
the groups has become standard procedure since it makes it possible to derive a 
large number of gi'oiips from the same colony. Tt has not seemed important, however, 
to attemjit to make the gronjis eonform to the I'omposition of the natural colony 
except as the pre[)ouderane(‘ of certain tj^ies of nymphs would naturally be reflected 
in the eomposition of 1 lie groups. 

Even (hough groujis identical in size and composition were used, and containers 
and treatment were identical, extensive (|uantitative comparisons would be difideult 
since each colony sccmis to iiossess a dilTereut inherent potential of reproduetivity 
(p. 18). Perhaps if it seemed worth while the reproduetivity of the control series 
of each experiment could be compared to a hypothetical normal and some coefficient 
of divergence* be used wliicli would allow for at least a rough over-all quantitative 
comparison. Ko far no altempt lias been made in this direction. 

The experiments lieiv presented are given in what seems a logical order rather 
than in the order of their performance. In most instanees only the summarized re¬ 
sults by series are given, or signilicmit examples, since the detailed records are 
voluminous. The fiicture of variation between groups of a series such as is brought 
out in tables 1(5 and 17 is largely lacking therefore, and it sliould be kept in mind 
that it Avas encountered in all experiments. Oomplele records are on file in the 
Department of iioiilogy of the Univcr.sity of Califoniia, Berkeley. 

DIFFERENOBH IN REPllODlKTmTY OF KERIEH OOMPORED OF 
DIFFERENT NYMPIIAIj TYl’ER AND INRTARR FROM 
THE RAME OOLONY 

Pickens (19!H) recognized that oertain types of nymphs of the subtemniean 
termites of the genus Ili'linililvmeii develop more readily into supplementary 
reproductives than do others. Thus, he found that in It. heepemH supplementaries 
did not develop at all, or only after several montlis, in groups composed entirely of 
older apterous individuals, supposedly workers, whereas iu mixed groups they 
usually appeared in from six to eight weeks. In agreement with these finding is the 
observation that by far the greater number of supplementary reproductives of 
Botmlitfmeit found in nalure boar wing pads of varying lengths (Qrassi, 1893; 
Snyder, 3918). 

Castle (1934, p, 293) found, as did Heath (1927), that although both apterous 
and wing-padded (brachypterous) nymphs of H/ootcrmopm rngiisticolUs do de¬ 
velop into supiilenienlaries, the apterous tyi>e3 do so more readily, and that when 
both are present in a grotip the supplementaries prodneed are preponderantly 
apterous. According to dastle, the late sevenih-iiistar brachypterous nymphs never 
develop into supplementaries. In Zooiermopm, in contrast to the conditions in 
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BetiouUtermes, therefore, wing-padded supplementaries are rare (Heath, 1927; 
Castle, 1934; Light, 1942-1943). Our findings indicate that there are important 
differences between the instars and types of nymphs of Zootermopsis generally 
as to their reproductivity, and they allow for a tentative formulation of some of 
these differences. 

These differences in potential reproductivily were so well known from laboratory 
and field experience that few definitive experiments were made to demonstrate and 
measure them. In fact, there are only three such experijnents (ISC, 2DS and 6DS 
discussed below), and no one of these furnishes completely satisfactory information, 
for reasons which will become clear as the experiments ai'o discussed. 


TABLE 3 

Significant Rbsults bt Series op Experiment IS Carried Got to Test Differences in 
Reproductivitt between Series Composed or Nymphs op DirrmiENr Instars 


Senes 

Numlioi 

of 

Average number of supplo- 
meniunos pei gioup bv wooks 

Average population per group 
by weeks 

A\erago, 
to nearest 
week, 
of weeks to 
first egg 


groups 

4th 


12th 

lOih 

4th 



Iblh 

foi groups 
fot which 
eggs were 
ruoided 

Fourth instais 

4 

1 

2 3 

3 0 

3 6 

20 6 

17 8 

11 3 

9 3 

10 

Fifth instars 

3 

1 3 

3 7 

3 7 

4 3 

19 0 

15 0 

13 7 

13 0 

13 

Sixth instar apteious 
Sixth infltar brachyp- 

9 

2 6 

4 0 

4 8 

5 4 

18 6 

16 4 

14 8 

13 1 

9 

teious 

Seventh instar 

4 

2 8 

6 8 

6 0 

7 3 

21 5 

17 6 

16 3 

9 0 

6 

apterous 

Seventh instar 

3 

2 7 

6 0 

5 0 

6 0 

20 3 

17 3 

16 3 

11 0 

7 

brachyptoious 

6 

3 2 

4 4 

6 0 

6 0 

20 6 

18 4 

16 0 

7 8 

7 


EXFEUmENT IS 

The first such experiment, IS, was begun early in 1939, in the early period of the 
investigations, therefore, before supplementaries were distinguished in all eases 
with certainty and before certain refinements of observation and method were 
developed, and before the extent of the oecuixence of differences due to chance was 
realized. The errors of record probably largely cancel one another but I here i*cuiains 
the possibility that the number of groups in the series is so small (table 3) as to 
make the results of doubtful significance unless confirmed by more extensive series. 
Mortality (average population in table 3) was not strikingly different in the dif¬ 
ferent series, certainly not enough so as to indicate any significant correlation be¬ 
tween low reproductivity and high mortality, except perhaps for the series of fourth 
instars late in the experiment. The low population recorded for the two series made 
up of groups of braehypterous nymphs resulted in considerable part at least from 
the metamorphosis of alates in these groups, not from deaths. Alates are removed 
since they die under conditions of experimentation and if allowed to remain become 
centers of infection for the other members of the group. The eolouy used for the 
experiment was composed of 2,160 recorded individuals. It was headed by a number 
of supplementaries and included 92 soldiers. 

One series (OS) consisting of 10 groups was set up on a formula corresponding 
to the general constitution of the colony. Two groups of this series died out before 
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the end of the experiment. Three others showed symptoms of the destructive red 
disease (see p. 15). dust why this scries and not others should have been attacked 
is not clear. The results in this scries are not presented because of the unfavorable 
conditions in the {?ronps. 

That portion of Ihe colony remainiiipr after series CS was set up was segregated 
by instars and set Tip in sori(‘s of groups of 2!5 nymphs each (IS, table 3). Of third- 
instai' nymphs 1 Iiere was only one full groTip, and a partial one of 12 nymphs. These 
are not included in 1 he tabh' since both had died out by the fifth week without pro¬ 
ducing recognizable supplcmentaries or laying eggs, presumably because younger 
nymphs I’ccpiire the care of older ones. Fourth instai*s made up 4 groups; fifth 

TABLE 4 

Fni.Qiii.NC y DisTiimuTioK oi Gboups in Sbruis or Expeeiment IS 
(At tho twelfth week by per cent of number of groups of each soiios recorded as haying a given 

number of supplcmentaries.) 




I\m oonl of gioiii)s hiMni? \*iriou‘i nuinbois of supplomcnlanes 

Avoia^o 

SolUM 

NtiinlHi 

ol 

fndupt 

Number of *'upplomontancs 

number of 
Hupple- 
monUiies 


1 

2 

i 

4 

6 

0 

7 

s 

por group 

Fouith inslMib 

1 


25 

50 

25 





3 0 

Fifth insl,us 

8 



07 


83 




3 7 

Sixth instai npti^oub 
Sixth instni t)iachvi>- 

t) 



11 

11 

67 

11 



4 8 

teioub 

Seventh hibtai 

\ 






100 



6 0 

aptoioub 

Seventh iiibtai 

8 



38 


38 


33 


6 0 

brnehyptiTous 

T) 


20 


20 

20 

20 


20 

6 0 


instars, 3 groiijis; shcth-iiistar apterous, 9; sixth-instar brachypterous (wing- 
paddod), 4; and seventli-instar brachypterous, 5. llecords were begun at tlie fourth 
week, by which time supplemeutaries had appeared in all groups except the two 
composed of thinl-iiistar nymplis and in one group of fourth itistars. 

The seemingly sigiiilicanl feature of these results is an increase of reproduotivity 
with tlie iiistar (tables 3 and 4), which is in line with our laboratory experience. 
The only si'ries not in agreement with this generalization is that of the hraeh 3 T)- 
terous sixth inslars, which stands out as having distinctly the highest reproduotivity 
however measTircd (table's 3 and 4), Ibis in spite of the fact that alates metamor¬ 
phosed in eueh of the groups of the series and that one group was recorded as 
diseased. 

Another surprising feature of the results was tho relatively high reproduetivily 
of the series made up of groups of wing-padded (brachypterous) aeventh-instar 
nymphs which is not at all in line with general laboratory experience. It seems very 
probable that careful distinctions were not made between brachypterous seventh 
instars (in tho alate line and about to become alates) and either brachypterous 
sixth instars or brachyiilerous hroad-hcads, or both. The broad-headed nymphs, as 
is shown by tlio results of experiment 6DS, reported below, have a high potential of 
reproductivity, and the brachypterous sixth instars had, here at least, as already 
noted, a very high reproductivity. 




12 


University of California Publications in Zoology 


EXPERIMENT 2DS 

The significance of the nymphal composition of the group in determining its repro- 
dnctiYity was further ijlnstrated by part of experiment 2DS, an experiment designed 
primarily to test colonies with respect to their relative potential reproductivity. 
Of interest in the present connection are three series from a colony of 2,400 nymphs, 

TABLE 5 

Composition of Gaoirrs in Series (\5, (’6, and C7 op Experiment 2nS, 

Series >rom the Svme Colony 


Numbers of nymphs of diiforent lypos in each RMup 


Senes 

Broad¬ 

headed 

Wing- 

padded 

Seventh 

apteioiib 

Si\th 

aptoious 

Fifth 

I’ourth 

So^ lioia 

Total 

nymphs 

2DS.C5 . 

3 

8 

2 

3 

1 

3 

1 

20 

2DS-C6 

7 

0 

3 

4 

2 

4 

0 

20 

2DS-C7 . 

0 

7 

3 

4 

2 

4 

0 

20 


TABLE 6 

Essential Results by Series, op Series C5, C6, and C7 op Experiment 2DS 
(Series of 20 groups per series, all from the same colony but of different nymphal (composition; 

see table 5.) 


Data 


Weeks aflor setting up experiment 


6th 

6th 

7th 

8th 

9th 

lOtb 

lUh 

Number of groups in which 

2DS-C5 

7 

H 


11 

11 

12 

12 

12 

supplementarlcs were 

2DS-C6 

14 


1!) 

19 


20 


20 

recorded 

2DS-C7 

9 

10 



11 

11 

12 

12 

Total of supplomentarics 

2DS-C5 

10 


19 

20 

20 


21 

21 

produced 

2DS-C6 

25 


45 

47 

49 


51 

52 


2DK-C7 

11 


11 

14 

15 


16 

16 

Number of groups in which 

2DR-C6 

1 

1 

2 

2 

3 

0 

7 

8 

eggs were recorded 

2Di^Ce 

1 

2 

7 

11 

11 

17 

17 

18 


2I)S-(7 

3 

3 

5 

0 

6 

7 

7 

9 

Number surviving in each 

2DS-(J5 

380 

375 

371 

368 

3(U 

363 

358 

;V)2 

series from the original 

2I)f^CG 

377 

369 

352 

312 

338 

337 

333 

330 

400 

! 

2DS-C7 

385 

383 

378 

307 

303 

360 

358 

356 


200 alates, and 28 soldiers, and headed by a primary pair. These three series, each 
of 20 groups of 20 nymphs, were set up late in November, 1940. Table 5 gives the 
composition of these groups in terms of types of nymphs as recognized at that time. 
The broad-headed nymphs were apterous nymphs of the eighth or later instars. The 
wing-padded nymphs probably included brachypterous sixth- and seventh-instar 
individuals and even some of the later iustar (the “wing-padded broad-heads” of 
6DS) 5 the records are not precise on this point. 

Soldiers were present only in series 2DS-C5, one in each group. They do not enter 
into the records given in table 6 and there is no reason to believe that they affected 
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tlie reprocluetivily of their sfoups. Jl is possible, however, tliat they did exert an 
inhibitory influence on soldier development, since, whereas only one soldier de¬ 
veloped in 2DS-C5, tlu'ee developed in 2DS-C6 and four in 2DS-07, in three dif¬ 
ferent sroups of each series. Although the records are not explicit, it seems probable 
that these soldierlike individuals were supplemenlaries, neotenie-soldier inter- 
grades, the re]n'odii(*tive soldiers of Ilealh (Light 19'12-1943). 

It may be noted in passing that the viability was high for the soldiers in the 
groups of series 2DS-C5. Only two, or 10 per cent, of them had died by the end of 



li’ig. 1. A gnipliie expresHioii of rate and oxiont of n'prodnctivity (total mipplomontarios by 
wcokH) for HOiioH 0 r>, 0, find C* 7 oC oApcrimoni SDH. The uymphs tim'd In tlio throe series wore 

from tlui Haau* hut tlu‘ <*t)ni])OHi<ion of iho fftoups differed In oaeh series (floe taldo 6). 

The* j^ronpH of HcnoM C (J, with the Iuj^IiohI lopruduetlvity, were without winff-paddod nymphs and 
included broad headed iiyinpIiH, wherens the jifroupn of 0-5 and 0-6 contained rospcctivoly 
eight and Hcven wing pa<i<i<‘d nyinphs and 0-5 contained only three broad-headed nymphs per 
group and 0 0 none. 

the devenlh week. Nor was there any indication that the presence of the soldiers 
was unfavorable to t hese groups. The mortality of nymphs in these groups was only 
12 per cent. It was slightly less, 11 per cent, in 2DS-C7, but considerably more, 17.5 
perpent,in2DM-(l(i. 

Table (i and figure 1 give llie essential results with respect to reproductivity. 
2DH-C6 stands out as having much the highest reproductivity of the three series 
whether measured in terms of groups with supplemeutarics, total supplementaries 
produced, or groups with eggs. Figure 1 brings out the striking difference in total 
supplementari(>s pnxlueed. Meries 2DH-C6 differed significantly in its constitution 
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from both 2DS-C5 and 2DS-C7 in that it lacked wing-padded nymphs, of which 
the groups of the other two series contained a very considerable number, 8 and 7, 
respectively, and in that its groups included 7 broad-headed nymphs as against 3 
in 2DS-C5 and none in 2DS-C7. 

With respect to mortality, or viability, conditions were unusually good in these 
series (see table 6). Of the 60 groups only one suffered a loss by death of as much 
as 35 per cent, and the average mortality at the eleventh week in the scries which 
had the highest mortality (20^-06) was only 17.5 per cent. As for reproductivity, 
however, it will be seen tliat, whereas all groups of 2I)M-06 had snpidcmentaries by 
the eighth week and all but two had eggs by the eleventh week, 8 groups in 2DS-C5 
and 8 in 2DS-C7 had produced no supplement aries by the eleventh week, and for 
12 groups in 05 and 11 in 07 no eggs had been recorded. 

Viability was good in all these groups, better indeed in the two with low repro¬ 
ductivity than in 2DS-C6. One obvious difference as ali-eady mentioned, between 
the groups of the series with unusually low reproductivity and those of 2DS-06 
was the presence in the former of numerous wing-padded nymphs and their absence 
in 2DS-06. It might be postulated that the wing-padded nymphs in some way in¬ 
hibited reproductivity in the gi’oups of tlie two scries containing them. It has long 
been common laboratory knowledge that wing-padded nymphs of the seventh instar 
are slow to become supplementaries (although this was not tnie in experiment IS 
above). Some of the relative difference in reproductivity between series in 2DS 
is probably to be attributed to the presence in the groups of 2DS-C6 of numerous 
broad-headed nymphs and their absence in 2DS-C7 and their scarcity in 2DS-C5. 
The supplementaries most commonly encountered in nature are broad-headed and 
laboratory experience indicates that broad-headed nymphs arc quick to become 
supplementaries (see also 6DS below). Unfortunately no record was kept of the 
types of nymphs which became supplementaries in these series. A record was made 
at the twelfth week of the number of broad-headed nymphs surviving as such in 
the groups of 2DS-C5, each of which originally contained 3 broad-headed nymphs. 
In 3 groups all 3 broad-headed nymphs were recorded absent, in 9 groups only 1 
was recorded present at the twelfth week, in 8 groups 2 were recorded as such, and 
in 1 group aU 3 were recorded as present. If we consider the unrecorded broad-heads 
as having died, the average recorded mortality of broad-heads would be 53 per 
cent as against a general mortality of only 12 per cent for the series. It is probable, 
therefore, that many of these broad-heads had become STipplomcnt aries. If this 
assumption is correct, it would seem probable that the differences in rcproductivity 
between these series are to be explained, in part at least, on the basis of the pre.scnce 
or absence of broad-headed nymphs or the I’elative numbers of such nymphs present. 

BXPEBTMBNT 6DS 

The last experiment relating to differences in reproductive potential of the different 
types of nymphs in a colony, experiment 6DS, was performed early in 1942, with 
nymphs from the colony a part of which was used in experiments EX, SE, SX, and 
EX on extract inhibition of reproductivity (Light, 1944). This colony consisted of 
more than 12,000 nymphs and was headed by a large number of supplementary 
reproductives, including many neotenic-soldier intergrades. It was peculiar also 
in that it included a large number of wing-padded nymphs of late instar, chiefly 
wing-padded (brachypterous) broad-heads. For experiment 6DS 2,400 nymphs 
were used in six series of 40 groups of 10 nymphs each. The constitution of the 
groups of the different series is given in table 7. 



TABLE 7 


(’imposition op Grottps or the Series or Experiment 6DS 


‘^tms 

WinK-puIdod 
fhi u liM)tuous) 
bioid'lu ids 

I iRhtli-inst ir 
ilduoiis 

biOcid-hcads 

be\ onth-inslar 
aptnous 

WmR-p,iddod 
(biach\ ptcious) 
sixth and 
seventh 

Sixth-mstar 

apterous 

Fifth 

instor 

Gi)S-r» 





10 


6I)S-7 



10 




6DS-«n 

6I)S.1J11WP 

JO 

10 

• 




6D8-A 


2 


4 

2 

2 

6DH-B 


2 

4 


2 

2 




Fig. 2 Fig. 8 

Fig. 2. Supplomontnrios by wooks for tho four bomogonoous series of 6DS showing increase in 
reproduetivity with age of instar* 

Fig. 3. Supplmeniiiriofl by weeks for the four homogeneous series of CDS (see Ag. 2) but with 
tho first 20 and last 20 groups of each sorios prosonted as soparato series. (See tho discussion, 
pp. 16 and 32.) 
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Figxire 2 gives the results in terms of total supplcmentaries produced by the four 
homogeneous series from the fourth through the fifteenth weeks. The same results 
are presented in figure 3 but each series is divided into two subseries, one consisting 
of groups 1 to 20, the other of groups 211o 40. See page 32 for a discussion of the 
situation thus recorded. Table 8 gives the frequency distribution of groups in each 
of the series by numbers of supplementaries recorded by the fifteenth week. Table 9 

TAliLK 8 


Frequency DifeTRiBcmoN oi 'GuouPb op Sehius oi lOxnntiMi.Nr ODS 
(By numbeis of supplomcntaiios pioducctl by llio filloonth w<'C‘k ) 


Series 


Number of supplemoniAncs 




Nnrnbei 

of 

V\ti ij;e 
nuttihei of 
MlppU- 
moniaiMS 
pei fiioup 


0 

1 

2 


4 

' 

5 

b 

7 

RtOllpS 

Wing-padded bioad- 











heads 



2 

4 

10 

14 

7 

3 

40 

4 70 

Apterous broad-hcads 


2 

10 

9 

9 

6 

3 

1 

10 

3 50 

Combination A 

1 

2 

6 


9 

5 



10 

3 20 

Combination B 
Seventh-instar 

2 

8 

17 

10 

3 




10 

2 10 

apterous 

2 

4 

21 

6 

4 

1 

1 


39 

2 33 

Sixth-instar apterous 

27 

8 

6 






40 

0 15 


TABLE 9 
Experiment CDS 


Seiies 

Per cent of gioups with supploinontanw 
by weeks 

Per eonl of grouiis w il li ogfn 
by weeks 

4th 

6th 

bth 

8th 

lorh 

4ih 

bth 

lotu 

16th 

BH-WP . 

62 5 

82 4 

87 1 

100 0 

100 0 

7 5 

32 5 

90 0 

97 5 

BH-apterous . 

46 0 

65 0 

87 5 

97 5 

97 6 

5 0 

10 0 

85 0 

UK) 0 

Combination A 

62 5 

80 0 

85 0 

!)5 0 

97 6 

0 

7 5 

75 0 

90 0 

Combination H 

55 0 

57 3 

65 0 

77 6 

85 0 

5 0 

27 5 

70 0 

S2 5 

Seventh-apterous 

40 0 

45 0 

52 0 

70 0 

87 5 

0 

5 0 

70 0 

85 0 

Sixth-apteious 

0 

2 5 

2 5 

12 5 

20 0 

0 

0 

17.5 

to 0 


gives results in terms of per cent of groups in which supplcmentaries had developed 
and per cent of groups in which eggs had been observed by particular weeks. How¬ 
ever formulated, the recorded reproductivity is greatest in the series consisting of 
wing-padded broad-heads and very much the lowest in that serias made up of 
apterous sixth-instar nymphs. As is shown by table 10, the mortality was not high, 
nor did it vary sufficiently between series to explain the differences in reprodue- 
tivily, unless perhaps in the series consisting of apterous seventh-instar nymphs, 
which actually suffered the highest mortality since one group died out entirely. 
The series of sixth-instar apterous nymphs which had the lowest reprodnetivity 
suffered nevertheless the least mortality. 

It will be noted from table 7 that the only difference in constitution between series 
A and B, which were made up of composite groups, was that each group in A con¬ 
tained 4 wing-padded nymphs and no seventh-instar apterous nymphs, whereas 
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each group of B contained 4 apterous soventli-instar nymphs and no wing-padded 
ones. General laboratory experience, not quantitatively based as yet, leads us to 
expect that wing-padded nymphs would be slow to become supplementaries if, 
indeed, they do not actually inliibit or retard the development of other nymphs into 
supplonienlaries, as might possibly be the ease in experiment 2DS reported above 
(p. 14). In CDS, however, combination A which included wing-padded nymphs 
showed a consistently higher roproductivity than did combination B in which 
wing-padded nymphs were replaced by apterous seventh-iiistar nymphs. Further, 
the roproductivity oi* B is similar to that of the series made up entirely of seventh- 
instar apterous nymphs (tables 8 and 9). In a series of graphs in which total 
supplementaries is plotted against elapsed time, the graph for series A would fall 
close together throughout, with that for apterous broad-headed nymphs and that 
for series B close to that for the series of apterous sixth instars (see fig. 2). The 


TABLE 10 

Mortujty in tjie SuRifis or Experiment 6DS at the FippEENTir Week 


Soru't) 

IVi c«nt moitahtv 
in oxistins Riuuiis 

Number of 
groups QMNtins 

Existing groups 
with at least 

60 per cent 
mortoUiv 

Winj^-padded hi oiid-hoa-dH 

13 75 

iO 

0 

Apteiouh hioad-lu'ads 

16 25 


0 

(\)nibmation A 

12 75 

40 

1 

('ombmation B 

16 25 


0 

Seventh apteious 

15 75 

30 

3 

Sixth apteious 

11 75 

40 

1 


only explanation for this behavior suggested by the available data is the fact that 
the series of apterous seventh-instar nymphs had high mortality (see table 10), 
possibly because of disease acipiired during the original segregation preliminary 
to setting up the experiment. One of its groups died out completely and three others 
had more than 50 per eent mortality. Jt seems possible that the groups of the 
composite stndes H were infe<dcd by the apterous seventh-instar nymphs and that 
the re]>r<)(luct ivity of t he I wo series whose groups contained scventh-inslar nymphs 
was far below normal for this instar. 

In general it will be obwu’ved that our belief in the existence of characteristic dif¬ 
ferences in tlie potential reproduetivity of nymphs of the various types and instars 
is based on a small amount of eviilenee, some of whieh is somewhat conflicting, be¬ 
cause of special experimental conditions. Despite this fact, however, the following 
tentative conelusions seem justified, subject to fuithcr experimental verification: 
(1) Different instars in a given colony liave diiTerent potentialities as regards repro- 
duclivity. (2) Potential rejiroductivity increases in general with the progressive 
age of iiistars. (3) The broad-headed nymphs, which are of eighth or later instars, 
become supplementaries earliest and are the most vigorously reproductive. Two 
furtlier conelusions seem tentatively justified although less well based than the 
preceding ones: (1) aiiterous nymplis in general show a greater tendency toward 
neoteny than do brachyplerous nymphs of the same inslar, (2) there is a possibility 
that the presenec of a considerable number of seventh-instar wing-padded nymphs 
tends to reduce the rate and extent of development of associated nymphs into sup¬ 
plementaries* 
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DIFFERENCES IN POTENTIAL REPEODUCTIVITY 
BETWEEN COLONIES 

BXPKBIHSNT t>2 

D2, the first experiment designed to determine whether there are differences in 
potential reproductivity between colonies was begun in December, 1937. Ten colo¬ 
nies of Z. nevadensis were used. A series of 20 groups of 10 nymphs of the same 
instar, supposedly the fifth, was set up from each colony. Groups which died out 
during the experiment were not considex’ed in compiling the data. Methods of han¬ 
dling were not well developed at this time, mortality was high and irregular and 

hence the results obtained should be con¬ 
sidered as only tentatively significant. They 
are in line with other results, however, 
and, as will be pointed out more in detail 
later, there seems no significant correlation 
between high mortality and low reproduc¬ 
tivity where series are eoneemed. 

Significant samples of the results are 
presented in table 11 and in figures 4 and 5. 
The differences in reproductivity between 
colonies are seen to be very considerable, 
greater presumably than can be expected 
to result from random differences in com¬ 
position and treatment. For series D2-3, for 
example, with the lowest reproduetivity, 
supplementaries were recorded in only 5 
groups, a total of 5 supplementaries at the 
eighteenth week, whereas in D2-8 supple- 
mentarics were produced in all 20 groups, 
and the total was 51. For D2-3, further, 
eggs had been recorded in but three groups 
by the eighteenth week, and a total of 
only 14 egKS» whereas in D2-5, for exam¬ 
ple, a total of 151 eggs was produced by 16 
groups; and in 1)2-8, which seems to have 
shown the highest reproduetivity, in gen¬ 
eral, eggs were recorded in 16 groups, the 
total recorded being 121. 

When an attempt is made to rank these 10 series according to reproduetivity 
(table 11) D2-3 clearly ranks lowest and D2-8 highest. Series 10,9, and 2 rank low, 
hut their relative rank is not clear. Series 4 and 1 are high, and series 7, 5, and 6 
are intermediate. 

There are considerable differences between the series of D2 with respect to re¬ 
corded mortality (table 11), and these differences might be thought to be causally 
related to the differences in reproduetivity or at least indirectly correlated with 
them. There can be little doubt that there is a negative correlation between repro¬ 
ductivity and mortality in certain groups of many experiments. Perusal of table 11 
will make apparent, however, what seems to hold in all such experiments, that is, 
a lack of correlation between high mortality and low reproduetivity when series 



!Fig. 4. Experiment 1)2. Reproductivit;^ 
in ten series, oacli from a diffoient colony. 
Boprodnctivity is piosontod as total sup- 
plcmentaries produced by the surviving 
groups of each series at the twelfth, foui- 
teonth, sixteenth, and eighteenth weeks and 
expressed in terms of 20 groups per scries. 
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TABLE 11 

Exi'lrimlnt D2, Consisting or Ten Series Run Concurrently, Each 
From a Din crent Colony 


(D^xta aic given only foi gioups surviving the experiment and in teims of suiviving gioups. 
ElginGS aio foi the eighteenth l^cek The sciios aie aiianged appioximatcly 
in 01 del of deeieismg lepioduetivity ) 



Fig. 6. Histograms showing frequency distribution of groups of the ten senes of experiment 
D2 (each sonos from a dilTeicut colony) by numbers of supplementaries at the eighteenth week. 
The histogram of the series with the greatest number of groups having thioe or more supplomon- 
taries is placed at the loft above that of the series with the lowest reproductivity thus measured, 
the second highest over the second lowest, and so on. The dotted vortical line marks the boundary 
between two and tlirco supplomcntarios per group in each inslunco. 
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are considered. For example, the series with the highest mortality, D2-1, and that 
with the lowest mortality, 1)2-7, were approximately equal in reprodiiclivity at 
the sixteenth week and not far apart at the eighteenth and the colony with the low¬ 
est reprodnctivity, D2-3, suffered only about average mortality, loss indood than 
D2-8, whieh ranked highest in reproductivity. 

MXPKBIMBNT lUH 

The next experiment was designated lllH. It was carried out iii the spring of 1940, 
with six series from as many different colonies. Bach scries consisted of 20 groups, 
each composed of one soldier and 20 nymplis chosen at random. Weekly records 
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Mg. 6. Experiment IDS. Six series oaoli from a diftorent colony. Points roproHcnt numbers of 
snpplemratarioB per series for tlio llftlii, sovonth, soventoontli, twontiotlii, twenty-fourth, Iwonty- 
sixth, and twenty-eighth weeks. 

Eig. 7. Supplomentaries weekly by series for experiment 4DS; five scries of the same eonstii ulion 
each from a different colony. See also fig. 10, a. 

were made as follows; for the fourth to seventh weeks, inclusive, for the seventeenth 
to twenty-second weeks, inclusive, the twenty-fourth to twenty-sixth weeks, inclu¬ 
sive, and, finally, for the twenty-eighth week. Figure 6 gives the results in terms 
of total snpplementaries for selected weeks. The records show similar differences 
when reproductivity is measured in terms of groups with supplementaries, groups 
with eg^, or groups with young. Series 1 and 2 were consistently higher for all 
three criteria, series 5 and 4 consistently low, and 6 and 3 intermediate. Here, as 
in D2, high reproductivity showed no consistent correlation with low mortality 
or vice versa when series are compared. Series 5, which was consistently lowest in 
reproductivity from at least the seventeenth week, was consistently lowest, also, 
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in mortality (46.25 per cent), with all j^oups surviving at the twenty-eighth week. 
This is in contrast to a mortalily of 52 to 68 per cent in the other series, whose 
reproduetivity greatly exceeded that of series 5. It should be remembered that this 
experiment was continued for a much longer period than any other. At the seven- 

TABLE 12 

Summary of Results of Experiment 4DS 

(Five series of j^roujKs of the snmc composition, each aeries from a different colony. Series are 
listed in tlic onlor of incrcasinp; reproductivity.) 




Sorios nunibor 



C3 

C4 

Cl 

C6 

C2 

Fourth week 

Per cent of groui)s with supple- 
mentari<*s . 

70 

60 

j 65 

95 

00 

Average supplcmcntnries per group 

0 85 

0 96 

1 20 

2.40 

2 35 

Per cent of groups with eggs. 

10 

15 

5 

5 

30 

Sixth week 

Per cent of groups with supplc- 
mentaries. 

86 

70 

85 

95 

100 

Average sui)plcniontarica per group 

1 55 

1 40 

2.15 

1 2 76 

2 6 

Per cent of groups with eggs. 

35 

65 

65 

65 

75 

Eighth week 

Per cent of groups with supple- 
montariea. 

1 

1 86 

76 

95 

too 

. 100 

Average supplcmcntarios per group.. 

1 1 70 

1 65 

2.80 

2 85 

3 25 

Per cent of groups with eggs. 

! 50 

80 

80 

90 

75 

Tenth week 

Per cent of groups with supple- 
mentaries. 

90 

80 

96 

100 

100 

Average aupplomentaries per group. 

2 00 

2 05 

2 06 

2 95 

3 50 

Per cent of groups with eggs. 

75 

90 

95 

95 

too 

Twelfth week 

Per cent of gnnipH with Hupi)lc- 
montari<‘H. 

90 

100 

05 

100 

100 

Average Huppl<‘m<*niari(‘H per groui) 

2 (M) 

3 20 

2 85 

3 60 

3 85 

Per cent of groups witii (‘ggs . 

80 

95 

95 

100 

100 

Eighteenth wc(‘k 

Per cent of groups with young. 

30 

60 

05 

45 

75 

Per cent of grovips witli suppliv- 
inentari(*H. 

95 

100 

UH) 

100 

100 

Average suppl<‘inentarieH p<‘r group 

2 50 

3 65 

3 25 

3 80 

4.30 

Per cent of groups with eggs. . 

96 

95 

1(K) 

1(K) 

100 

Number of alates. 

0 

28 

32 

26 

25 

Per cent of mortality. 

32 5 

19 25 

n 

23 

31 


teenth week mortality was much lower than the percentages noted above and was 
in approximate agreement with that in other experiments. 

The fact that nymphs wore chosen at random rather than being all of one type 
or according to a given fonnula adds an additional uncontrolled factor, llowever, 
since the differences in reproduetivity between series each from a different colony 
are markedly greater than those between identical series from the same colony run 
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at the same time (see figs. 6 and 14) and since the existence of such difference is in 
agi-eement with the results of other experiments (D2 and 4DS) in which all groups 
were of tlie same composition, these results must be considered as adding to the 
evidence for the existence of differences between colonies with respect to potential 
reproductivity. 

KXPERIMICNT -IDS 

A final experiment, 4DS, was begun in June, 1941, in an ellorl to obtain decisive 
evidence about the existence of differences in ])otcnlia1 reproductivily between 
colonies. Bach of five seines was from a different colony, and consisted of 20 groups 
of 20 nymphs each. Each group had the same apjiroximate formula as regards 
nymphal types, namely, 3 wing-padded nymphs, 4 apterous nymphs of the seventh 
instar, 4 apterous nymphs of the sixth instar, 4 of the fifth instar, 3 of the fourth 
instar, and 2 of the third instar. In one series, 4DS-C3, the wing-padded nymphs 
were all of the sixth instar with very small wing pads; in the other scries they were 
brachypterous nymphs chosen at random, probably chiefly seventh instars, with 
possibly some broad-headed wing-padded nymphs. That they were chiefly seventh 
instars is shown by the fact that many alates appeared in all series except 4DS-C3 
(table 12). Reduced reproduetivity would have been expected in the groups pro¬ 
ducing alates. Contrary to expectations, however, 4DS-C3 had by far the lowest 
reproductivity (fig. 7 and table 12) and the highest mortality (table 12). The low 
reproduetivity in this series may of coarse be directly or indirectly correlated with 
the high mortality. 4DS-C2, however, which was well ahead in reproduetivity from 
tie seventh week on, experienced the highest mortality iJ* alate development is 
counted as death, and much higher than any series except 03 if alates are not 
counted as deaths. 

Natube op Pactoks Causing Dippbeences in Rbpboduotivity 

In table 13 the series constituting the experiments D2,2DS, 4DS, and IDS are listed. 
In each experiment the series are listed in an order approximating increasing repro¬ 
ductivity, and in separate columns the constitutions of Ihe colonics of origin are 
given, so far as known, in ordei* to determine whether there is any obvious correla¬ 
tion between the degree of reproduetivity and any known feature of constitut ion of 
the colony. 

There seems no correlation between relative numbers of soldiers and reprodue¬ 
tivity. For example colony D2-8 liaving the highest relative munber of soldiei-s in 
D2,11.7 per cent, had highest reproduetivity; whereas D2-2 wit h next to the highest 
number of soldiera, 9.2 per cent, was next to the lowest in reproduetivity. In 2DH 
the colony with the lowest proportion of soldiera was intermediate in reprodue¬ 
tivity, the next was the lowest in reproduetivity, and the one with the third lowest 
soldier ratio was the highest in reproduetivity. 

The two nymphal categories recorded, apterous and wing-padded, are so broad 
as to be of little significance. As previously shown, some of the broad-headed 
nymphs which show by far the greatest reproduetivity (see p. 37) would fall into 
the wing-padded group and some into the apterous group. 

The only feature which suggests itself as causally related to differences in repro¬ 
ductivity is the nature and number of the reproductives heading the colony. For 
example, it will be seen that the series in each of the four experiments which had the 
bwest reproduetivity was from a colony headed by a primai7 queen, presumably 
by a primary pair, although the king was recovered in only one instance. On the 
other hand, -^e series in each of the four experiments which had the liighest repro- 
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There is good reason from laboratory experience to believe that colonies headed 
by supplementaries are more erratic with regard to reproductivity than those 
headed by primaries, although quantitative proof is not available. The nymphs of 

TABLE 13 

Bbi^tion Between Bephodthtivity of Nympub in Isolated Groups and the Composition 
OF TUB Coi/>Ny ok Origin of the Groups 


(Series in each (‘xperiment are listed approximately in order of increasing reproductivity.) 


Seriofl 

lleproduotivcs 

Soldicis 

Wmg-paddod 

nymphs 

Apterous 

nymphs 

D2-3h 

(Kinft“) Queen . 

j 232 

2,000 

3,000 

D2-2i^ 

King (CJucen). 

102 

200 

800 

D2-9b 

King (Queen) . 

45 

300 

1,500 

D2-10 

35 fiupplomenlarica. 

200 

300 

425 

D2-6b 

King, Queen . 

7 

2,000 

2,200 

D2-5 

4 supplementaries. 

42 

0 

500 

D2-7 

? . 

? 

? 

? 

D2-1 

King ((Jucon). 

53 

3 

650 

D2-4 

King, Queen. 

38 

0 

505 


5 supplementaries. 

40 

0 

300 

2DS-C5 1 





2DS-C6 

(King), Queen.... 

28 

1,008 

1,392 

2DS-07 J 





2DS-C3 

17 supplementaries. 

81 

912 

1,368 

2DS-C2 

16 supplomentarics. 

60 

248 

462 

2DS-C10 

21 supplemontarios. 

27 

527 

2,247 

2DS-C1 

4 supplementaries. 

106 

686 

1,020 

2DS-Od 

(King), Queen. 

82 

288 

912 

2DS.C8 

19 supplement arios. 

21 

222 

545 

4DS-C3 

(King), Queen . 

117 

660 

2,424 

4DS-G4 

18 supplementaries. 

160 

492 1 

3,705 

4DS-C1 

(King), Queen. 

128 

1,436 1 

3,080 

4Da-CJ6 

12 Hupplementarics. 

ICO 

931 

1,518 

4D.S-02 

120 Huppl(‘mentari(‘H. 

132 

3,767 

2,562 

1DS-CJ5 

King, (Jueen . 

2:^5 

112 

3,280 

1DW.(’4 

9 HUpplemeutiirieH. 

93 

308 

1,231 


King, (Queen). 

22 

601 

594 


(King), Queen. 

85 

350 

1,537 

ll)S-<i2 

5 HUp])Uun<*ntarieB. 

20 

1 

527 

IDS-Ct 

4 Hupplemonturies... 

87 

161 

779 


« King or quoon ia imlicutoH that tho reproduotive in quo«tion» although not actually foundiwos assumed 

to havo boon proHont. 

t Numorous supplomoniarioB wero recorded for tbo colony of origin. Sinoo those colonics were headed by primary 
reproductivos, those rei)ortod supplomoaiarics ore assumed to have been broad-headed nymphs which wore not distin¬ 
guished from supploinontaries at the time. 


the colonies headed by primaries haye been inhibited throughout their entire 
nymphal life, whereas in those colonies headed by supplementaries the nymphs 
which have persisted from the time of Oie death of the primaries must have been 
freed from inhibition for at least the period immediately succeeding the death of 
the primaries. Furthermore, there is some evidence (Light 1943-1948) that pri¬ 
maries are more effective in contact inhibition than are supplementaries. Sup¬ 
posedly, therefore, the nymphs of supplementary-headed colonies might be expected 
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to be less inhibited than those of primary colonies. In some instances the contrary 
seems to be tme, hcwever, and this could be readily explained, theoretically, in the 
case of most of all nymphs of colonies headed by many supplementaries if it be 
supposed that the death of the primaries and the resulting uninhibited period 
occurred at some relatively distant time and that the young nymphs have developed 
subsequently in the presence of many reproductives and are, therefore, strongly 
inhibited. This seems the only obvious explanation for the very low reproductivity 
of the series 6DS-6 (see page 16 and fig. 2 and tables 8 and 9). 

SERIES PROM THE SAME COLONY RUN AT DIFFERENT TIMES 

Questions which present themselves here are whether the differences in potential 
reproductivity between colonies remain constant or whether they shift with the sea¬ 
son, with the period in the cycle of the colony, or with the composition of the colony 
which in turn may be supposed to shift both with the season and with the cycle of 
the colony and perhaps because of chance incidence of factors as yet undetermined. 


TABLE 14 
Experiment D2-B 

(Series arranged in order of decreasing reproductivity.) 


Series 

4th 




12th 

I4lh 

Ibth 

18th 


Groups oontaininff supplemontarioe by weeks as i)er cent of surviving groups 

D2-3B. 

100.0 

100.0 

100 0 

100 0 

100 0 

100 0 

100 0 


D2^B . 

27 3 

63 6 

81 8 

90 9 

100 0 

too 0 

100 0 


D2-8B. 

10 0 

55 0 

68 4 1 

83 3 

88 9 

04 4 

100 0 


DB^H-lOB . 

6 3 

15.7 

57 9 i 

1 

68 4 

83 3 

100 0 

100 0 



Total supplemontanes pioducod by weeks ns pex cent of onginnl popu 
lation of Biirvu ing groups 

i- 

. 

13 8 

38 8 

23 8 

20 3 




40 0 

D2-9B . 

6 5 

13 0 

19 1 

21 8 




33 6 

DaBB. 

J 0 

7 0 

8 9 

12 1 

14 4 


MB 

23 S 

D2B+10B. 

0 6 

2 1 

8 4 

lie 

15 0 


m 

22 9 


EXPERIMENT 3>2B 

To test the permanency of the differences in veproductivity between colonies, four 
series were set up, 19 weeks after experiment D2 was begun, from four of the 
colonies used in that experiment. These were designated D2-8B, D2-3B, D2-9B, and 
D2-8 -f lOB in that order. D2-8B consisted of 20 groups, each composed of 5 fifth- 
and 5 fourth-instar nymphs from the colony which showed the highest roproduc- 
tivity in experiment D2. Series D2-3B consisted of 9 groups, each composed of 9 
sixth-instar nymphs and 1 fifth-instar nymph from the colony from which D2-3 
was derived. 1)2-3, it will be remembered, had by far the lowest reproductivity of 
the 10 series in experiment D2. Series D2-9B consisted of 11 groups, each composed 
of 5 fifth- and 5 fourth-instar nymphs from the colony from which series D2-9 was 
taken, a series among those with low reproductivity. 

Series D2-8 + lOB consisted of 20 groups, each composed of 6 fifth-instar nymphs 
a 4 d 5 fourth-instar nymphs. Half of each group was from the colony of origin of 
D2-8 and half from the colony of origin of D2-] 0. This was a combination of nymphs, 
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therefore, from a colony which showed highest reprodhetivity and one which showed 
low reproductivity. Table 14 gives the summarized results for these series in terms 
of (1) per cent of the surviving groups which had produced supplementaries and 
(2) per cent of original population of surviving groups which had developed into 
supplementaiies by the parliciilav week. 

These results show reversal in relative and actual reproductivity. The latter is 
especially striking in series va, (fig. 8). Nymphs from colonics which 

had low reproductivily in experiment D2 (1)2-3 and 1)2-9) here had high reproduc* 
tivity (table 14), whereas those from the colony which had the highest reproduc¬ 
tivity in D2 (1)2-8) had here a markedly lower relative reproductivity (8B vs, 3B 
in fig. 8). This reversal is actual in series D2-8 and D2-3B as brought out in figure 
8, whereas D2-8B, although it showed much lower reproduetivity than D2-3B, 
agreed closely with the reprodiu^tivity recorded for the earlier series D2-8 from the 
same colony (fig. 8). 

Unfortunately for clarity of results, it was necessary to use nymphal types in 
D2B which were not identical with those used in D2. Older nymphs (sixth instars) 
were used in D2-3B tlian in any series of D2, whereas half of the nymphs in the 
groups of the other tlirec series of D2-B were fourth iiistars, younger than those 
used in D2. Since the older nymphs have a higher potential of reproductivity 
(p. 17), this difference probably had something to do with the very high actual and 
relative reproductivity of the scries D2-3R. That it was entirely responsible seems 
unlikely because of tlie marked nature of the reversal and since the presence of 
younger nymphs in D2-9B, for example, did not prevent it from showing a much 
higher relative and absolute reproduetivity than D2-8B, although D2-8 ranked 
highest, whereas D2-9 was relatively low (fig. 4). 

Since the records fail to state the conditions under which the colonies of origin 
were kept during the period between experiments D2 and D2B, it is difficult to assign 
a cause for the supposed change in potential reproduetivity. We need to taiow if 
the original supplemeularies were kept in the colonies and how many other supple¬ 
mentaries had developed during that period. Perhaps, however, the very change in 
the constitution of the colony resulting from extraction of the nymphs used in 
experiment D2 explains the change in reproduetivity of the nymphs of the colonies 
from which I)2-3B and 1)2-9B were derived, or pe]’ha])s the mere disturbance of 
the colonies coiif ribnted to whatever changes were involved. Wliat seems to be indi¬ 
cated is that tlie poleni ial reproductivily of a colony is either very impermanent or 
that it may be readily altered by change in its composition or treatment. 

KXCKUIMKNT 1>4A 

Another experiment, I)4A, carried o\it considerably earlier, was designed to answer 
the question of the ])enuanency of the reproductive potential of a colony. Eight 
series were set up from the same eoloTiy at approximately one-month intervals be¬ 
ginning June 21,1938. Bach of the first four series consisted of 20 groups of 10 
apterous nymphs of the same early instar, supposedly the fifth. The last four series 
consisted of 10 such groups. Of these 8 series the second and the last three were 
discarded because of very higli mortality due to epidemics of disease. This left for 
consideration tlie four series, D4A-C1, D4A-C3, D4A-C4, D4A-C5. Some groups of 
those series <lied out (luring the experiment and wore ignored. There remained 19 
groups in each of throe series Cl, 03, and C4, and 8 of the original 10 groups in C5. 
In order to present results in comparable terms they are given as percentages of 
the surviving groups or of the population of the surviving groups. 
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Table 15 and figure 9 give the essential results. It will be seen that each successive 
series showed increased reproductivity. That these differences in reproductivity 
are not due to disease or other differentially unfavorable conditions which would 
infiuenee the death rate seems indicated by Ihe fact brought out in tlie last section 
of table 15, namely, that series D4A-C5 which tlie remainder of the table will show 
was persistently highest in reproductivity suffered nevertheless the highest mortal¬ 
ity, just the opposite of what would be expected if viability were causally correlated 
with reproductivity. It is true that D4A-01, which had the Jowesl reproductivity, 
suffered also very high mortality, and here there may well be some causal correla¬ 
tion. Further, since D4A-C3 had much the lowest mortality, the difference in 
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Fig. 8, Graphs for series 3 and 8 of oxpoHmont 1)2, tho sorios respect ivoly willi lowc’jt and 
highest reproductivity, and for series BB and 8B of experiment I)2B, senes fiom the same colonies 
as 3 and 8 respectively but taken nineteen weeks later. 

Graphs are for total supplomentarios by weeks on the basis of 20 groups per scries. Groups of 
the dlfCerent series although not identical were of similar composition. Noto that sorios 8 and SB 
show very similar reproductivity, whereas scries 3B shows very much greater leproduetivity than 
did series 3, much greater indeed than either series 8B or 8. 

The histograms show fiequoncy distribution of groups by numl^ers of supplementarics at tho 
eighteenth week for series 3 as contrasted to series 8R and for series SB ns contrasted to series 8. 
Series 3 and 8 are represented in broken lines, seiies SB and SB in solid lines, overlapping portions 
in diagonal lines. 

Fig. 9. Experiment D4A. Four series of the same composition taken from the same colony but 
at diiforent times. Series 1 and 3 are two months apart, 3 and 4, and 4 and 5 ono month apart. 

Graphs show the peicentages of the original population of surviving groups which had become 
supplemental ies at the particular weeks. 

Histograms show frequency distribution of existing groups in each series by numbers of sup- 
plementaries produced by the eighteenth week. The dotted line between groups with one supple¬ 
mentary and those with two is designed to bring out the shift toward higher roproductivity in 
successive series. It must be kept in mind that only eight of the ton original groups survived in 
series B and that of the 20 original groups each in series 1, 3, and 4, nineteen siuvlvod in each of 
series 1 and 8, and eighteen in scries 4. 
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reproduetivity between series 1 and 3 may well be due largely to differences in 
condition and not to cliangcs correlated with lapse of time. 

The quohlion arises of the sigiiifieanee of these findings. Fh’st it seems necessary 
to point out tiiat until further data are arailable it cannot be said with certainty 
that the chronoloHical progress in reproduetivity here found is more than a coinei- 
deuee, nor that the tlifferenees between series from the same colony are other than 

TABLIO 15 

IhsPBODiK nviiY AND Monr\LiTr in Hucccssive SnniES or the Same Constitution 
I ROM THE SuiB Colony 

(Soiios aic listed iti cliKmologic.sl oulei, whicli is also the oidci of ineieasing ropioductivity 
diiiiiig tho later period of the expciimcnt.) 



5lli 

loth 

12th 

14th 

Ibih 

ISth 


Poi tonl of sum viiiffffi onus which 111 odiitotlsupplornoiitaiios (by weeks) 

D4A-C1 . 




47 4 

67 9 

67 9 

D4A-C3 


47 { 

67 9 

78 9 

78 9 

78 9 

D4A-C4 

5 0 

36 7 

47 4 

63 2 

83 3 

88 9 

D4A-CS 

10 0 

60 0 

90 0 

88 9 


100 0 


Per cent of oriRiiul iwiimlation of suivivmR Rionpi IxKonimjr supplemeni uics (by weeks) 

D4A-C1 . 




6 8 


7 4 

D4A-C3 . 

1 0 

5 3 

6 3 

8 4 

10 0 

14 2 

D4A-C4 . 

0 5 

3 7 

5 3 

10 6 

13 3 ! 

17 8 

D4A-C5 . . 

1 0 

7 0 

11 0 

13 3 

18 8 

20 0 



D4A.C1 




9 2 

11 5 

12 6 

D4A-C3 

1 2 

7 2 

8 0 

12 0 

14 6 

21 1 

D4A-(M 


6 0 

8 9 

17 7 

21 8 

30 0 

D4A.C5 

1 3 

10 3 

10 3 

25 0 

35 7 

38 1 


Ptr <‘oa< of nioitality tor suiviving groups (by ww*ks) 

mk-vi , 

1<) 6 

■I 

— 

■n 

■I 

41 6 

D4A-CV^ 

IS 0 

HH 


HH 

HH 

32 6 

D4A-CM 

30 5 



HH 


40 6 

D4A.()5 . 

23 0 


HI 

■B 

HH 

47 5 


those shown to occur by chance between series supposedly of tlie same origin, com¬ 
position and treatment, somewhat exaggerated here, perhaps, by the presence of 
disease and by the effects on the colony itself of the monthly disturbances incidental 
to setting up these series. It shotild be kept in mind that in D2-B (p. 24) a reversal 
in both directions seemed indicated. Further, even if the differences be held to 
result from dianges normally undergone by colonies with the passage of time, there 
is no information about the nature or causes of these changes. They might repre¬ 
sent cyclic seasonal cliangcs in reproduetivity undergone by colonies, or a pro¬ 
gressive change correlated with the normal development of the colony, or have 
other unidentified causes. 
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DIFFERENCES IN REPRODUCTIVITT BETWEEN SUPPOSEDLY 
IDENTICAL SERIES RUN CONCURRENTLY 

It has been shown earlier in this paper tliat reproductivity differs (1) between 
series from different colonies, even though of the same coustitutioii and run con¬ 
currently, (2) between series composed of different nymplial typos or combinations 
of such types, although from tlie same colony and run concurrently, and (3) be¬ 
tween series of the same constitution and from the same colony but run at different 
times. 

There remains to be determined the range of differences in reproductivity to be 
expected between series of identical origin, supposedly identical in composition, 
subject to the same treatment, and run at the same time. Theoretically, the rate and 
extent of reproductivity, as also the rate and extent of mortality, should be identical 
for all the groups and series if all nymphs are from the same colony, if all groups 
are of the same composition, if they are housed, fed, and handled exactly alike, and 
are exposed to exactly the same conditions of temperature, moisture, and so on, and 
if there are no errors of oversight or of decision in making the records. 

Actually, of course, there are mimerous sources of variation in all these features 
in experiments involving isolated groups of nymphs (Light, 1942-] 943, 1944). 
Individuals externally similar undoubtedly differ in their position in the intermolt 
cycle. Nymphs externally alike undoubtedly differ physiologically in tl}is and 
various other respects, including their degree of sexual inhibition and their relation 
to the factors, undetermined as yet, which govern development toward alateness, 
on the one hand, or toward the soldier condition, on the other. Finally, and perhaps 
most importantly, nymphs of the same type may differ with respect to infection 
with, or resistance to, the several bacterid and fungous diseases to which they are 
disposed. 

Likewise, as regards treatment, many variables are possible. Containers sup¬ 
posedly alike may vary. Certainly the food varies in quantity, in quality (when 
wood is used), and also in position in the jar, which may determine its availability. 
It is inevitable that there should be differences in the duration of exposure to air, 
in the drying effects o£ the air, in the amount and type of handling, in the amount 
of moisture available, and even at times in the temperatures endured. 

For one or another or several of these reasons groups wi lb in the same series differ 
markedly, some from the start (see tables 16,17); and series differ chara(ileris1ically 
in the rate and extent of both mortality and rcproductivity, the latter whether 
measured in terms of development of supplementaries, laying of eggs, or a])pear- 
anee of young, or of the totals of each produced per group. 

One experiment, 3DS, was run specifically to test the nature and degree of varia¬ 
tion in reproduetivity and mortality inherent in the materials and methodvS used. 
Several other experiments in which there were two or more series of the same con¬ 
stitution and treatment fximish evidence in this regard, although the experiments 
were designed for other purposes. The latter experiments will be presented first. 

EXPERIMENT LO 

LC was designed to test the efficacy of ether extracts of female supplementary 
reproductives in inhibiting reproductivity. It was partially reported in a previous 
paper on extract inhibition (1944). Sixty groups of nymphs were used, all from 
the same colony, Bach group consisted of 30 apterous nymphs according to the 
following formula: 4 of the eighth instar, 9 of the seventh, 6 of the sixth, 8 of the 
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TABLE 16 

Detailed Records of Three Identically Treated Experimental Series op Experiment LO 


Group aiimbor 



1 

2 

3 

4 

5 

0 

7 

8 

g 

10 

■ 

Di 

13 

14 

15 

LC’-L 

Fifth wcok 
















Popiilat ion. 

25 

27 

24 

20 

26 

28 

30 

28 

24 

24 

26 

24 

26 

28 

26 

9 SuppleiiK'ntnriofl.. 

0 

0 

1 

1 

0 

3 

1 

2 

1 

0 

0 

0 

0 

0 

1 

cf Supplcmoiitarios.. 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Eggs. 

0 

0 

0 

0 

0 

0 

2 

2 

3 

0 

0 

0 

0 

0 

0 

Seventh week 
















Population. 

24 

23 

22 

25 

26 

25 

28 

28 

21 

22 

24 

22 

23 

24 

24 

9 Supplemcntaries.. 

0 

0 

1 

1 

0 

3 

1 

2 

1 

0 

1 

1 

0 

0 

1 

Supplcmontarios.. 

0 

2 

1 

1 

0 

2 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Eggs. 

0 

0 

0 

0 

0 

0 

12 

2*1 

6 

0 

4 

30 

0 

0 

0 

Tenth week 
















Population. 

22 

22 

20 

25 

23 

24 

28 

27 

17 

19 

24 

18 

23 

21 

23 

9 8upi)I<‘mentari(*s.. 

0 

0 

1 

1 

0 

3 

1 

2 

1 

0 

1 

1 

1 

0 

1 

cf Supplonientarieia.. 
Eggs. 

0 

2 

1 

1 

0 

2 

1 

1 

1 

0 

1 

0 

1 

0 

1 

0 

0 

0 

2 

0 

6 

12 

24 

6 

0 

8 

30 

0 

0 

15 

LCt.2 

Fifth wcok 
















Population. 

28 

23 

22 

21 

26 

24 

27 

27 

27 

22 

25 

24 

22 

21 

26 

9 Supploincntarioa.. 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

2 

1 

1 

^ Supplcmentaries.. 

0 

1 

0 

0 

0 

2 

0 

0 

1 

0 

0 

0 

0 

1 

1 

hJggH. 

3 

0 

0 

3 

3 

0 

0 

2 

0 

0 

0 

0 

10 

0 

2 

Seventh week 
















Population. 

27 

22 

17 

21 

25 

21 

27 

27 

27 

22 

24 

24 

22 

20 

25 

9 Suppleincntarios.. 

1 

0 

0 

1 

1 

0 

0 

2 

1 

0 

0 

0 

2 

1 

1 

d' Siipplomoritarios. - 
EgRS. ' 

1 

1 

0 

I 

1 

2 

0 

0 

1 

0 

0 

0 

0 

1 

1 

4 

0 

0 

11 

10 

0 

0 

11 

2 

0 

0 

0 

20 

0 

7 

Tenth week 
















Population. 

20 

21 

15 

10 

25 

23 

24 

22 

27 

19 

22 

21 

21 

20 

24 

9 Supplorucutarios.. 

1 

1 

1 

1 

1 

1 

0 

2 

1 

0 

3 

0 

2 

1 

1 

d SupplemcntaricH., 

1 

1 

1 

1 

1 

2 

0 

0 

1 

1 

0 

0 

0 

1 

1 

Eggs. 

0 

0 

1 

11 

15 

0 

J 

11 

14 

0 

3 

0 

20 

0 

10 

Fifth week 
















Population. 

20 

20 

20 

20 

31 

21 

28 

28 

21 

26 

27 

28 

21 

25 

27 

9 SiippleinontarioH.. 

1 

1 

1 

1 

1 

0 

0 

1 

3 

1 

0 

1 

0 

2 

2 

8upplemt‘iitari(‘H.. 

I 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

2 

0 

Iflggs. 

4 

1 

1 

3 

10 

0 

0 

1 

3 

0 

0 

0 

0 

1 

2 

Seventh wo(*k 
















Population. 

20 

20 

20 

27 

31 

22 

25 

26 

20 

23 

27 

28 

21 

21 

27 

9 Hui>plementaneH., 

1 

1 

1 

1 

1 

0 

0 

1 

3 

1 

1 

1 

0 

2 

2 

d 8upi)lem(*ntari{‘H., 

I 

1 

I 

1 

0 

0 

! 

0 

0 

1 

1 

1 

0 

2 

0 

Eggs. 

11 

10 

■1 

15 

20 

0 

0 

2 

15 

1 

2 

G 

0 

10 

7 

Tenth week 
















Population. 

25 

25 

20 

10 

28 

22 

24 

22 

20 

22 

25 

25 

14 

14 

27 

9 Rupplomontarics.. 

1 

1 

1 

0 

1 

0 

1 

1 

3 

2 

1 

1 

1 

2 

2 

d Supplomontarioa,. 

1 

1 

1 

0 

0 

1 

2 

2 

1 

1 

1 

1 

1 

2 

0 

Eggs. 

30 

15 

5 

15 


0 

10 

11 

25 

1 

16 

16 

1 

10 

10 


iSfth, and 3 of the fourth and/or tliird instars. These groups were segregated at 
random into 4 series of 16 groups each. Three of these series constituted the experi¬ 
mental series and were fed extracts of functional reproduoti'ves and treated in 
supposedly identical fashion. The experiment was continued for 10 we^, with 
weekly records from tlie fifth week. No groups died out, mortality was generally 
low, about 25 per cent for the 10 weeks, with only a few groups suffering more than 
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30 per cent mortality, and only one more Ilian 50 per cent. Table 16 gives the 
detailed results by groups and series for the fifth, seventh, and tenth weeks for the 
three experimental series which received identical treatment (see also tables 4, 5, 
and 6, Light, 1044). Figure 10 gives the results for the same three series in graphic 
form. Eeproduetivity is expressed in terms of siipplementaries prodm^od through¬ 
out the experiment. Figure 12, based on the fmiueney distribution of groups by 
numbers of supplenientaries produced by all four series throughout t lie experiment, 
indicates tliat the ditferences between scries, striking as they seem, are such as to 
be expected from random variation. 



Fig. 10 Fift. n 

Fig. 10. Experiment LO. Total supplcmontarios by weeks for llir(*o idcnlieul series from the 
same colony wMek wore given idoniieal treatiueiit and run at the same time. 

Fig. 11. Experiment 01: Total supplomcularica hy series by weeks. Series CD, ON, and ECT 
were identical series from tbe same colony rnn at the same time. Heiios ED consisted of isolated 
groups from another experiment and had already developed functioning Hui>plementary n'pro- 
ductives. 


BXPBEIMElsT 01 

In experiment 01 each of 40 one-ounce jars was separated into two compart¬ 
ments by two perforated mica discs separated by a one-fourth-ineh ring of plastic. 
These two mica discs with the included space served as ceiling for the lower half 
of the jar and floor of the upper half. Into flhe lower compartment of half the jars 
were introduced egg-producing groups from a previous experiment, each contain¬ 
ing two or more supplementaries. This series was designated OI-ED. In the upper 
part of the jars containing series OI-ED, and in both lower and upper compart¬ 
ments of the remaining jars (the controls) were placed groups of 20 nympks, each 
group consisting of unpigmented apterous individuals, 6 of the seventh instar, 10 
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of the sixth instar, and 4 of the fifth inslar, all from a single colony which included 
3,000 nyniplis headed by a ])riniary queen. The series placed in the upper part of 
the jars containing ()1-BD was designated OT-EU, that in the lower part of the 
control jars Ol-CD, and that in the upper paid OI-CU. Beginning with the fourth 
week, weekly records were made of population, nunibei's of su])p]enieiilarieFi, and 


8 ti 
6 0 

7 0 

6 0 h 


5 0 h RANGE 


-1 0 

-2 0 
-a 7 


c-c 

Mt3cr T 


M^2crM 


MEAN 


h RANGE 


M+3Cr 


C-l 

T 


C-2 C-3 


4 


CD 

T 


8 6 
8 0 


5 0 


40 


- -2 0 
J -27 


Pig. 12 Fig. 33 

Fig. 12. Dico-LevauH diagram bused on frequency distribulion of groups by numbers of supple- 
mentiuics produced at tho l<»iitb week in tlio four series of oxporimcnl LC. All soiios were of the 
same com])()Hiii()a nixl origin and run at the same time. O-C was Uie control series, iho other throe 
series wore fed extracts of functional leprodudives. The close agieemont in means and ranges 
indicates that the (lifTerences are due to random incidence of variable factors and give no reason 
to boliev(‘ timt the extracts ha<l an Inlubiling influence. 0-3, tho series with highest rcproductivity, 
was one of those fed extracts. 

Fig. 13. Dice-Ijoraas diagram btjscd on the frequency distribution of groups by numbers of 
supplement a rios pro(luce<l by the fomte<‘nlh week in tho three identical series of experiment OL 
Series FIT was exposed to odors from functioning suppleraontaries (see p. 30). Its recorded 
reproducliviiy, as brought out in Hg. U, was somewhat less than that of OD and CTT which were 
theoretically not thus ex]) 0 Hed. Tho close ngicement in moans indicates that the ditteiencos be¬ 
tween ECJ and the otlior two series are not indicative of the effectiveness of odors but results of 
the random incidence of uncontrolled variables which cause any two such series to differ in 
recorded rcproductivity. 


presence of ej^gs. Figure 11 gives the reprochictivity by series in terms of total 
supplomcivtarics produced. First, il vriil be noted that the ihree series of the same 
coimtilution and origin (01-(3D, 01-00, 01-10) sliow about tho same differences 
among themselves as in ihe lliroe series of LO, or tiie series 8DS, to bo discussed 
later. Put in the form of a Dieo-Ijoraas diagram (fig. 13) based on terminal eondi- 
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tions, there is no indication of significant differences between these three series. 
Nevertheless, it is of interest to note in passing that tlie differences obseiwed are in 
the directions expected. First, the two upper series, OI-EU and OI-CU, had lower 
reproduetivity than OI-CD, which had the highest reproductivity oC the three 
comparable series (fig. 11). This was to be expected, since the bottom of the jar 
presents a more even and generally more favorable situation, yocond, of tlio two 
upper series the one over tlie groups which contained functioning repi*odnctives, 
OI-EU, showed the lowest reproductivity, which was to be expected if odors given 
off by functional reproductives inhibit neotenie development of nymphs. However, 
since the degree of difference is too small to be unquestionably significant, it is not 
possible to state whether the odor of functional reproductives was responsible for 
the lower reproductivity in OI-EU, or whether it was due entirely to random inci¬ 
dence of variables in constitution and handling. 

Supplementaries and eggs occurred very early in all groups of this experiment. 
By the fourth week each group in OI-CD contained from one to four supple¬ 
mentaries, and by the sixth week eggs had been recorded from most of its gi'oups. 
It would appear, therefore, that only at the beginning of the experiment were the 
two upper series very differently exposed to possibly inhibiting odors from repro- 
ductives. 

BXPEaiMBNT cos 

6DS was reported earlier in this paper in connection with differences in reproduc¬ 
tivity between series from the same colony run at the same time and given the 
same treatment but of different constitution as regards types of nymphs (see tables 
7-10 and figs. 2 and 3). Each of the series consisted of 40 groups. Figure 2 presents 
by means of graphs the reproductivity by series of 40 groups on the basis of number 
of supplementaries produced. It is of interest here to consider each of these large 
series as divided arbitrarily into two series of 20 groups each in order to get some 
picture of the extent of the range of random difference. Figure 3 presents graphi¬ 
cally reproductivity for the eight siibseries resulting when the four homogeneous 
series of 6DS are thus subdivided. The differences in reproductivity between sub- 
series consisting of groups of nymphs of the same tyi)e, although de&iite, is clearly 
much less in most instances than that between series each made up of groups of 
nymplis of a different type. The greatest differences between subserics were found 
in the series of broad-headed nymphs, especially those made up of apterous bi*oad- 
heads. This may be the result of unconscious selection in making up these groups. 
Perhaps the most distinctive individuals of tJio type (not ordinarily abundant) 
were used up in the first half of the series and those used in the latter half included 
preponderantly those of earlier instars and even perhaps some not actually belong¬ 
ing to this category. 

EXPERIMENT DDS 

3DS was set up from a single colony of Zootermopsis nevadensis in January, 1941. 
This colony was without supplementaries and was headed by a primary physo- 
gastric queen. The king was presumably lost in removing the colony from the log. 
The population included 2,567 nymphs (18.5 per cent wing-padded, 16.5 per cent 
broad-headed apterous, 20 per cent apterous seventh instar, 15.5 per cent apterous 
sixth instar, 34 per cent fourths and tibiirds). Very young nymphs, and soldiers 
were not recorded. 

Each experimental group was so constituted as to approximate relations in the 
natural colony, and consisted of 8 wing-padded nymphs (chiefly sixth instars), 3 
broad-headed apterous nymphs (presumably eighih instar), 4 apterous nymphs of 
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tlie seventh, instar, 4 of the sixth, 5 of the fifth, and 1 of the fourth. Observations 
were made weekly for all series except 04. The latter was not handled until the 
fourth week in an eifort to determine whether early handling induced high mor¬ 
tality. This series showed, however, the highest mortality (fig. 15), a situation to 
be explained probably in terms of humidity and consequent growth of micro¬ 
organisms rather than handling. During the four weeks when the groups and con- 
tauiers of this series were not subjected to drying out during handling, micro¬ 
organisms were presumably able to grow unchecked. It should be noted, however, 
that in spite of high mortality series 0 was among the highest in reproductivity 
toward tJie end of the experiment (fig. 14). 



Fig. 15 

Fig. 14, Toiiil flnp]>U*meniarloH by weeks for the six series of expeninoTil ItDfi, each eonsisling 
of twenty groups of nymphs of the sumo composition, from the same colony, run at the same time 
and given the same treat nienl with Iho oxcexilion of (%4 as explained in the text. No coricetion 
has been made for groups which di<»d out during the experimont. 

Fig. 15. Mortality by weeks for iho six series of 3DS. Groups which died out during the oxperi* 
ment are inciudod in deaths. 

For each group of each series weekly records were kept of the number of living 
individuals (population), of the number of supplementaries present as recognized 
by pigmentation, and of the presence of eggs. Table 17 gives the detailed raw data 
for one series, 3DS-01, adjusted to express maximum extent of production of sup- 
plemontaries by continuing in the weekly totals of supplementaries the supple¬ 
mentaries known to have died (indicated by figures preceded by plus sign). Figure 
14 shows by means of graphs the total supplementaries known to have been pro¬ 
duced by each scries at each recording; figure 16 gives mortality for each series for 
each recording including groups which died out during the experiment; and figure 



TABLE 17 

Detahjbd Raw Data for Series 3DS-C1 

(Corrected only for supplementaries known to have died during the experiment or assumed to have died; see p. 33.) 
I Group number 
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16B shows the homogeneity of the 6 identical series of 3DS from the same colony 
by spread of frequency of numbers of supplemeutaries per group. The contrasting 
heterogeneity of 5 identical series from different colonies (4DS) is shown in figure 
16A. 

The records of these series, as of all other such experiments with isolated groups 
of nymphs, show great differences between individual groups in rcprod\ictivity 
(table 17) and even greater differences in mortality. Group 1, for example, pro- 



Fig. 16, a. Dice-Loraas diagiam liasod on the fiequency distiibution of groups hy iiutiilioiH of 
supplementaries produced at the twelfth week for the six soriofl of expcriraont oacli series 
from a diiferent colony. The spread in location of tho means and rangos, thoorotical and obsi^rvod, 
indicates that the samples are not from the same population. 

Fig. 16, h. Dice-Leraas diagram, derived as in figure 16, b, for tho six scries of oxpei iment 
3DS, all series being identical in composition and from the same colony. The essential homogeneity 
of the results is that to be expected from samples of the same population. The differ onces between 
series presumably arise here as in OX (fig. 18) from the random incidence of uncontrolled variablos. 


duced no supplemeutaries, whereas Group 12 produced 4, and three groups pro¬ 
duced 3 each, ten produced 2 each, and four produced 1 each. It will be seen from 
table 17 that all groups of series 1 suffered some mortality, and this is true of 
practically all of the groups of nymphs used in our many experiments. In spite of 
all efforts to improve conditions and handling, mortality persists. Its causes are 
not eitirely clear (see p. 3). That it is due in part to cannibalism seems probable. 
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Ttat it is normal in the life of the colony seems also probable. There is some evidence 
that it functions in isolated pfronps to enable the group to arrive at the necessary 
physiological adjustment. For example, mortality has been found in the instances 
studied to be higher in groups of 20 than in groups of 10, whereas the general con¬ 
dition of the group seems better in groups of 20. 

Mortality as such, if uniform or relatively so and due to factors equally distributed 
in all groups, would be aiiiioying but would not cloud the issues of the experiment. 
Much of the mortality, however, is distineliy differential, affecting certain groups 
far more than others, and seems to be due to the incidence of contagious disease. 
Some groups are wiped out, some early in the experiment (as Group 18 in 3DS-C1, 
table 17), some later. Other groups, although obviously infected, survive as groups 
but with greatly lowered population (as Group 5, table 17). 

Although it is common to lose one or more groups during an experiment, some 
experiments such as 4DS, for instance, suffer no loss of groups and show a relatively 
low mortality (table 12). In 4DS at the seventeenth week only one group out of 
100 had lost more than 50 per cent by death. In 61 groups 75 per cent or more of 
the original population survived the experiment, 12 groups lost only one individual 
each, and one group retained its original population. 

Differential mortality between groups and series, therefore, is a complicating 
factor to be taken into account in evaluating the significance of differences in repro¬ 
ductivity. A strong negative correlation between mortality and reproductivity 
would be expected if mortality is due to disease or unfavorable environmental cir¬ 
cumstances, since these would be expected to slow down or prevent normal physio¬ 
logical processes. When striking instances are considered, such a correlation is 
obvious for the individual group. When all groups of expeiiment 3DS are arbi¬ 
trarily segregated into two series, those with less than 13 individuals at the seven¬ 
teenth week and those with 13 or more, the average number of supplementaries 
produced by the groups with low population is 1.44 supplementaries per group, 
whereas it is 2.15 per group for those with higher population. Similarly the average 
population is found to be considerably greater for those groups which produced 
eggs than for those which did not. 

As brought out in figures 14 and 15, the series taken as wholes differ in i*eprodue- 
tivity, however measured, as also in mortality. The differences in reproduetivity 
between like series might naturally be thought to be explained by differences in 
mortality of the eonstitneiit groups, but a comparison of the graphs showing total 
numberKS of supplementaries (fig. 14) with those for mortality (fig. 15) shows no 
significant corrclat ion. Hcries 3DH-C1 with very low mortality has the lowest repro¬ 
ductivity instead of the highest, as would be expected if mortality were the signifi¬ 


cant factor in determining tliese differences in reproduetivity. Further, a scatter 
diagram for all groujis of the experiment shows no correlation between mortality 


and reproduetivity. 


SXJMMAET 


Earlier work has shown that although all nymphs above the third instar are capa¬ 
ble of becoming sexually mature while retaining most of the nymphal characters of 
the instar in which they were isolated, not all nymphs in isolated groups do become 
neotenic reproductives (supplementaries). The failure of some nymphs in isolated 
groups to become supidementaries has been shown to be due to the presence of the 
supplementary reproductives which do develop, since when the latter are removed 
a further number of nymplis become supplementaries. In other words, the extent 
to which supplementaries develop is influenced by the composition of the group. 
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1. In the study here reported it has been found that reproduetivity is most effec¬ 
tively measured in terms of the number of supplement aries produced in a }i;iven 
group or series of groups ■within a given time after isolation from the parent colony. 
Other criteria which are in general agreement with tiie above criterion are; num¬ 
bers of groups in which snppleiuentaries develop, numbers of groups in Avhieh eggs 
or young are produced, and the number of eg^s nr young ])reduced. 

2. Heries from different colonies showed mark(>d ditnu’encos iu the I’ate and extent 
to which supplementaries developed even though the series were run concurrently 
and the groups were the same as to types and numbers of nymphs. 

3. Series from the same colony, run at the same time but composed either of dif¬ 
ferent nymplial types or of difl'erenl combinations of typos, showed marked differ¬ 
ences in reproductivity. In general, when the groups were composed entirely of one 
instar, the younger instars showed low reproducti-vity, apterous nymphs had higher 
reproductivity than did braehypterons (wing-padded) nymphs, and highest of all 
were the nymphs of very late instars, the so-called broad-heads, which are usually 
apterous but may possess wing pads. However, our experience with large groups of 
mixed composition although not documented by actual experiments, indicates that 
in such gi'oups the supplementaries are often of a comparatively young instar. 

4. Series of groups of the same or similar composition from the same colony but 
run at successive intervals showed great differences, which indicates either that the 
potential reproductivity is very unstable, readily altered by handling and change 
of composition, or that it is subject to relatively rapid change, possibly cyclic in 
nature. 

In one such experiment (D4A) each successive series showed an increase in repro¬ 
ductivity. In another (D2-B), there was a reversal of relative reproductivity; the 
colony which had the lowest reproductivity in the original experiment later showed 
high reproductivity. 

5. A considerable degree of variation in reproductivity has been found to obtain 
between series of the same constitution, origin, and treatment, when run concur¬ 
rently. Statistical methods show these differences to fall within the range to be 
expected from random variation. 

6. The differences pointed out above between series of different origin, different 
composition, or taken at different times arc gi'cater than those which are due to 
random dilferenccs and would seem to be significant, although further evidence is 
required before these conclusions can be considered fully established. 
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A NEWEECESSIVB LETHAL MUTATION IN MICE 

BY 

K. B. DeOME 

Division of Vstermaiy Sciencs, Umiisisity of California, Berkelsy 


INTRODUCTION 

The purpose of tliis paper is to present the genetic, experimental, and pathological 
data obtained in the investigation of a new mutation in the house mouse, Mics 
musculus. The affected animals were characterized by muscular incoordination 
and tetany leading to death. The name jittery was tentatively applied to the mutant 
during the course of the experiments and will be retained until the physiological 
cause is definitely established. The symbol will be used to represent the recessive 
gene for jittery. 

In view of the widespread occurrence of related types of anomalies in other 
animals, and in man, it is important to present facts that may be pertinent to the 
whole group of diseases. With this thought in mind, investigations were under¬ 
taken to find the physiological and anatomical basis of this mutant character 

The author is indebted to Dr. S. J, Holmes for friendly counsel and to Mr. C. J. 
Olberg for excellent care of the animals used in these experiments. 

DESCRIPTION OP THE MUTANT 

Animals which became jittery could not be distinguished from their normal litter 
mates until they were from 10 to 16 days old. Muscular incoordination was the first 
symptom noticed. This was most easily demonstrated by forcing the young mice to 
run about. The affected ones followed an irregular, zigzag course in attempting 
to maintain an upright position while running. When placed on their backs, the 
normal mice righted themselves immediately, whereas the affected animals went 
through a series of random movements before they succeeded. The mean age at 
onset of symptoms was 12.11 ± 0.463 days. 

Within 48 horn’s after onset, the lack of muscular coordination became so marked 
that the animals were unable to run for any distance without falling; in severe 
cases, forward movement was accomplished by creeping. When at rest, they 
assumed a squatting position, so that they appeared to crouch on their heels. Nor¬ 
mal and affected animals^re shown in plate 1, figures 1 and 2. 

Tetany appeared at about 72 to 96 hours after the onset of s 3 mptoms. At jSrst, 
only the forelegs were affected duiung periods of excitement or great muscular 
effort. During the attacks, the hind legs were spread out more than usual, the 
muscles of the whole body appeared taut, the head was thrust forward and down¬ 
ward, and the forelegs were extended forward under the throat. The forelegs, which 
were affected most by the tetany, beat up and down rapidly for a period of 2 to 3 
seconds. After the spasms, the animals relaxed and appeared exhausted. Their 
muscles being spastic, forward motion was accomplished either by lurches, accom¬ 
panied by many random movements usually ending in tetany and a complete loss 
of equilibrium, or by a slow, cautious, creeping movement. One striking peculiarity 
was the animals’ use of their tails and noses in regaining an upright position. When 
they fell on their sides, they arched their backs so that their noses and tails sup¬ 
ported most of their weight. 
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During the fourth week of life, the condition became more pronounced and the 
animals moved very little. Their coats became rough, partly because they were 
unable to groom themselves, and probably also because they were unable to obtain 
sufficient nourishment. The difference in size between affected and normal animals 
became very noticeable; the former lost weight daily and, therefore, appeared 
emaciated. Tetany became more frequent until the day before death, when the 
animals appeared too weak to move. The mean age at death of 29 affected animals 
under daily observation was 31.89 ± 0.55 days. 

ORIGIN OF THE MUTANT 

On April 27, 1936, a litter of one male and six female mice was born from a 
mating of Bagg albino 6 x Bagg albino ? 8. Six of these failed to grow normally 
and showed a peculiar type of muscular incoordination, with frequent attacks of 

TABLE 1 

Histoet or THE Bagg Albino Stock at Cold Spring Harbor prom Which Jittery Arose 


Generations 


34 

35 

36 

37 

38 

39 

c? 30879 ^ 


35059 

cf 44268 

cT 52047-<? 6* 

9 62048-9 7 

9 62049-9 8* 

9 62060-9 9* 

9 62051-9 10* 





cf 35060 

cf 37027 

O' 40732 

cf 48085 

! 

cf 52489-(f 1 
9 62590-9 2 
9 62591-9 3 
9 52502-9 4 
9 52593-9 5 


* Heterozygous Jj animals. 


tetany. They heeame emaciated and died within a month. The remaining normal 
animal was a female, and, when backcrossed to her father 6), produced a lilter 
of ten, three of which died of tlie same peculiar trait. In the meantime, a mating 
of 6 X $ 9 has produced four young, three of which died under similar circum¬ 
stances. Later, one of the ten F, progeny of a Pj cross of ‘cf 6 x $ 10 died under the 
same circumstances. Female 7, when mated to ^ 6, produced only normal offspring. 

It appeared that ^ 6 and at least three of his female sibs carried recessive lethal 
genes for this trait. Male 6 and his siblings $ 7,5 8, $ 9, and $ 10 were obtained from 
the Carnegie Institution of Washington through the courtesy of Dr. B. C. Mae- 
Dowell. The shipment included another sib^ip, namely, Bagg albino ^ 1 and his 
sibs, 5 2, $ 3,5 4, and $ 5, but these did not produce affected offspring when mated 
among themselves or to c? 6 and his sibs. Since 6 and three of his female sibs pro¬ 
duced the trait in their offspring but did not show it themselves, it is probable that 
a recessive gene for the trait arose some generations before in the colony at the 
Carnegie Institution. Dr. MacDowell states (personal communication) that no such 
trait has appeared in his colony. A copy of the record card supplied by Dr. Mac¬ 
Dowell is reproduced in table 1, showing that ^ 1 and his female sibs arose from the 
same inbred line as cJ* 6 and his female sibs, but at an earlier date. 
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It is impossible to tell when the mutation appeared, but since the inbred line from 
which 1 arose had common ancestors in the line from which J' 6 arose and, further, 
since no affected animals appeared in the ancestry of 1 after it was separated 
from the main strain, it seems unlikely that the mutation occurred before the 35th 
generation. 

Sj^stematic breeding experiments were undertaken to increase the stock and 
establish the exact method of transmission of the trait. 

REVIEW OP THE LITERATURE 

The literature contains descriptions of a number of conditions which resemble 
jittery in certain details. Dana (1887) presented a human family pedigree of 
hereditary tremors which he attributed to a dominant gene. Batten and Wilkinson 
(1914) review’ed the literature on a t>"pe of human ataxia, originally described by 
ilerzbacher (1910), and concluded that the malady was inherited as a sex-linlted 
recessive trait. Bergman (1920) presented some fifty cases of a mild form of human 
hereditary tremors which he believed to be due to a dominant gene. 

Cases of hereditary muscle contracture among the new-born have been reported 
in cattle by Ilutt (1934), in swine by Hallquist (1933), and in sheep by Roberts 
(1926,1929). In each of these a recessive lethal gene was involved. Stockard (1936) 
recorded a case of hereditary posterior paralysis in crosses between St. Bernard 
and Great Dane dogs. Three dominant genes w'ere involved, two of them carried 
by one breed and one by the other. 

A single recessive gene producing ataxia in pigeons was described by Riddle 
(1917). Ilutt (1932) and Hutt and Child (1934) reported a semilethal mutation 
in chicks which caused muscular incoordination of the neck and legs. 

The congenital palsy in guinea pigs, reported by Cole and Ibsen (1920), re¬ 
sembles jittery in several respects. The young guinea pigs were of normal weight 
at birth, but showed tremors and tetany. They were unable to stand, and responded 
to auditory stimuli by falling on their sides in tetanic spasms. Most of them died 
within 14 days without showing much gain in weight. The malady was due to a 
recessive lethal gene. A similar condition in Peromysciis was described by Huestis 
and Barto (1936). The animals were normal at birth, but began to show tremors 
during the third week of life, and these increased in severity until death at about 
35 days of age. Except for the absence of tetany, this condition resembled jittery 
very closely. It was due to a recessive lethal gene. 

GROWTH OP THE JITTERY ANIMALS 

Ill the animals homozygous for jittery, the typical symptoms began to appear about 
two weeks after birtli. Table 2 shows the mean age at onset of the malady in each 
of three groups kept under daily observation. The fii-st group consisted of 25 
progeny from heterozygous Bagg albino matings. The mean age at which the 
affected individuals in this group could be recognized was 12,64 ± 0.89 days. The 
remaining two gi'oups were made up of backcross progeny obtained by outcrossing 
the heterozygous Bagg albino males to normal dba and C57Blk females, and then 
baekcrossing their P^ progeny to heterozygous Bagg albinos. 

Among the dba backcross group, only six affected animals were considered. Their 
mean age at onset was 11.16 ± 0.11 days. The C57Blk backcross group contained 
sixteen jittery animals with a mean age at onset of 12.53 ± 0.58 days. The standard 
deviation of the mean age at onset in the Ba^ albino group was 4.46 days. It was 
much larger than those of the other two groups, owing to the appearance of several 
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jittery animals at an early age. One case was recognized on the fourth day after 
birth, and two others on the fifth day. 

Text figures 1,2, and 3 show the growth curves of the three groups of jittery ani¬ 
mals and their normal siblings. The litters were observed daily and weighed every 


TABLE 2 

Age at Onset of Symptoms and at Death of Jittery Miob prom VAsioirs Matings 


Mating 

Ago at onsot 

Age at death 

No. 

Mean 

Stand, dev. 

No. 

Mean 

Stand, dev. 

Bagg albino Jj X Jj. 

25 

12.64=fc0.89 

4.46 , 

15 

31.93=t0.83 

3.172 

dba backcross Jj X J]. 

6 

11.16d=0.11 

0.282 1 




C57Blk backcross Jj X Jj.... 

16 

12.53±0.58 

1.130 

14 


2.799 

Total. 

44 

12.1l±0.46 

3.035 

29 

31.89±0.65 



TABLE 3 


Mean Weights (in Gr.ams) of Normal and Jittery Mice from Three Types of Matings 


Age in days 

Bagg albino X 

Bagg albino 

Bagg albino X Fi 
(Bagg albino X dba) 

Bags albino X Fi 
(Bagg ^bino X C57Blk) 

Normsd 

Jittery 

Normal 

Jittery 

Normol 

Jittery 

1. 

1.43 

1.44 

1.35 

1.49 

1.44 

1.39 

3. 

2.24 

2.22 

2.18 



1.98 

5. 

3.24 

3.16 

2.85 

3.10 

2.97 

2.90 

7. 

4.05 

3.99 

3.77 


4.22 

3.92 

9. 

4.93 

4.95 

4.84 

4.91 



11. 

6.13 

5.92 

5.76 


6.11 

5.37 

13. 

6.77 

6.48 

6.47 

6.62 

6.67 


16. 

7.33 


6.85 

6.99 

7.27 

6.41 

17. 

7.55 

6.95 

7.18 

6.83 

7.85 

6.43 

19. 

8.13 

6.75 

7.69 

6.42 

8.43 


21. 

8.80 

6.75 

8.19 


9.19 

6.53 

23. 

10.08 

6.48 

9.18 

5.94 


6.26 

25. 

‘ 10.08 

6.22 

9.96 

5.87 


6.75 

27. 

11,40 

6.21 


5.67 

12.53 

7.17 

29. 

12.73 

5.73 

11.66 

6.18 

13.61 

6.71 

31. 

14.38 

5.71 

13.33 

5.98 

14.87 

6.58 

33. 


6.01 

15.77 

5.02 

16.35 

5.59 

35. 

14.86 

5.60 



17.78 

6.66 


second day. The first day shovm on the charts was the first day after birth. Data 
from which the growth curves were made are shown in table 3. 

The first significant difference in weight between the affected and the normal 
animals appeared on the ninth day among the backcross offspring of the heterozy¬ 
gous Bagg albino x normal C57Blk matings. Among the Bagg albinos and the hetero¬ 
zygous Bagg albino x dba backcross groups, a significant difference in weight 
appeared on the seventeenth day. The number of jittery animals in the dba backcross 
group was too small to be reliable and, therefore, could not be compared with the 



































DeOme: A New Becessive Lethal Mutation in Mice 


45 


C57Blk group. The uumber of affected mice of the Bagg albino group was large 
enough for comparison and showed a significant difference between the two groups 
after the ninth day. 

The reason for the slow growth of the jittery animals in the backcross group is 
not evident from the data presented here, but it may have been due to modifying 



DAYS 

Fig. 1. Curves showing the growth of 
normal (solid line) and jittery (broken 
line) Fi progeny from Jj Bagg i.bino X Jj 
Bagg albino matings. 



DAYS 

Fig. 2. Curves showing the growth of 
normal (solid line) and jittery (broken 
line) baekeross progeny from Jj Bagg 
albino x Jj Fx (Bagg albino x dba) mat¬ 
ings. 



DAYS 


Fig. 3. Curves showing the growth of 
normal (solid line) and jittery (broken 
line) backcross progeny from Jj Bagg 
albino x Jj Fx (Bagg albino X 057Blk) 
matings. 


factors carried in the C57Blk strain. No other peculiarities were noticed among the 
backcross progeny of the Bagg albino x C57Blk crosses that would substantiate this 
possibility since the time of onset of the jitteiy sjunptoms, the appearance of the 
affected animals, and the mean age at death were not significantly different from 
those of the other two affected groups. 

The growth curves of the three affected groups were very similar, rising closely 
parallel to those of the normal animals and then breaking sharply at about the 
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fifteenth day. At the time of death, the afiecled animals were lighter by more than 
a gram than at 15 days of age. This loss of weight was evident in the living animal 
and was closely correlated vith the increasing inteiisity of tiie symptoms. 

The exact day on which the jittery animals died was recorded in 29 cases. The 
mean in these cases was 31.89 ±: 0.55, with a standard devialion ot‘ 3.009 days. No 
significant dilfereuces were found between the mean ages at death of the three 
groups of affected animals kept under daily observation. 

The growth curves of the jittery animals sho\\ed a striking reseinblaiK-e to those 
of dwarf mice. Snell (1929) pointed out that the latter could not be distinguished 
from their normal litter mates until fourteen days after birth, when they began to 
grow more slowly. The same condition was found in the dwarf rat by Lambert and 
Sciuchetti (1935). In the latter, there was a statistically significant difference be¬ 
tween the weights of the dwarf and normal animals as early as five days after 
birth, but the deviation w^as not great until the twelfth day. The dwarf mutant in 
fowls cannot be separated from the rest of the brood until after fourteen days 
(Mayhew and Bailey, 1932). The case of hereditary" tremors described by Iluestis 
and Barto (1936) was not related to dwarfism, so far as is known, but the affected 
animals failed to grow properly after fourteen days and died before the cud of the 
fifth week, as in the case of jittery. The reason for this coincidence is not known, 
but is of special interest since it has been shown that pituitary implants (Smith and 
MacDowell, 1930) or extracts from the anterior pituitary (Kemp, 1934) stimulate 
dwarf mice to gain weight. 

HEREDITY 

The mutant, jittery, appeared in the sibship of c? 6 in the 37th generation of the 
Bagg albino strain. Prom the review of the ancestry of this sibship presented in 
table 1 it may be seen that, of the five members of this litter (c^ 6, $ 7, $ 8, ? 9, and 
$ 10), all were heterozygous except 2 7, showing that at least one of the parents 
of the 36th generation must have been heterozygous for jittery. None of the mem¬ 
bers of the litter, including 1, J 2, 2 3, J 4, and 2 5, produced affected offspring 
when mated to known heterozygous animals. The group of jittery animals de¬ 
scribed here were descendants of c? 6 and 2 and 210. 

Because the homozygous recessive animals died, it was impossible to produce 
a large stock by the conventional method of mating affected animals. To overcome 
this difficulty, the genetic constitution of each individual was tested by crossing 
it to a known heterozygote. 

The test matings supplied a valuable index to the nature of the mutant involved, 
provided certain corrections were made. The data included only litters in which 
affected animals appeared, since only jittery litters revealed the genotype of the 
parents. When DR x DR matings were made, there were some litters in which no 
RR animals appeared. These should have been considered, but when data from 
progeny tests were used, the DRxDR matings that did not produce affected 
offspring could not be differentiated from the DR x DD matings and were, there¬ 
fore, not included. The number of normal offspring from such matings should be 
too high by an amount depending upon the average size of the sibships involved. 
Since the mean litter size was known (table 4), a correction could be applied to over¬ 
come the difficulty. The following correction was given by Davenport and Ekas 
(1936): ^ . 

W=- ^ - 

1 —(^)' 

where W = the percentage of RR animals expected, s = the mean litter size, p = the 
theoretical Mendelian ratio of RR, and q = 1 — p. 
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When the expected numbers of normal and jittery animals were calculated on 
the basis of the corrected percentages, the observed numbers came close to expecta¬ 
tion. The percentage of affected animals was not significantly higher than expected, 
amounting to 29.81 per cent instead of 28,17 per cent as calculated. These data and 
the chi-squared values are given in table 5. The sex ratios were very close to expecta¬ 
tion. These data indicate that the gene, jittery, is recessive and not sex-linked. 

In matings of Jj Bagg albino females x Jj Bagg albino males, only animals proved 


TABLE 4 

Litter Sizes at Birth and at TVenty-one Days aiter Birth, ^nd the Mean Number 
Dead vt Birth among the Progeny of Vvinous Mvtinqs 


Matings 

No of 

Mean btter size 

Mean number 
per litter 

httois 

At birth 

At 21 daj s 

dead 
at birth 

Bat,g albino JJ X JJ 

44 

7 205±0 339 

6 886db0 324 

0 227 

Bagg albino Jj X Jj 

26 

7 461±0 535 

6 S07d=0 263 

0 270 

Bagg albino, Test Jj X Jj 

74 

7 594±0 204 

7 216±0 127 

0 324 

Backcross Jj X Jj 

(dba and C57Blk) 

18 

9 222±0 430 

9 167±0 410 

0 000 


TABLE 5 

Progeny op Jj X Jj Matings 




Normal 

Jittery 


Chi- 

squaied 

Matings 


cf 

9 

c?4-9 

Per 

cent 

& 

9 

d*+9 

Per 

cent 

Total 

Bagg albino \ J 

fobs. 

184 0 

188 0 

372.0 

70.19 

83 0 

75 0 

158 0 

29.81 

530 01 

QQO 

Test Jj X Jj J 1 

[Cal. 

190 3 

190 3 

380.6 

71.83 

74 7 

74 7 

149 4 

2817 

530 0/ 

00:7 

Bagg albino 1 1 

fobs. 

52 0 

73 0 

125.0 

71.02 

26 0 

25 0 

51 0 

28 98 

176 0\ 

706 

Known Jj X Jj / 1 

[Cal. 

66 0 

66 0 

132.0 

75 00 

22 0 

22 0 

44 0 

25 00 

176 0/ 

Backcross Jj X Jj 1 J 

fobs. 

62 0 

71 0 

133.0 

73.08 

23 0 

26 0 

49 0 

26 92 

182 

.165 

(dba and C57Blk J 1 

[Cal. 

68 2 

68 2 

136.4 

75.00 

22 8 

22 8 

45 6 

25.00 

182 0| 


to be heterozygous for jittery were used, and all the litters were included, whether 
affected animals appeared or not. A few were excluded when, owing to some acci¬ 
dent, a large part of the litter died within the first few clays after birth. Of the 
176 Pi progeny from 26 litters, 51 were affected and 125 were noimal. The percent¬ 
age of affected animals, 28.98, was not significantly above expectation. The data are 
presented in table 5. The sex ratio among the affected offspiing of the Bagg albino 
Jj X Jj crosses was very close to 1:1, as is shown in table 5, and, therefore, pre¬ 
cluded the possibility of sex linkage. 

Outcrosses were made for the purpose of testing the possibility that jittery was 
peculiar to the Bagg albino strain. Known heterozygous Bagg albino males were 
mated to unrelated females from inbred stocks of the C57Blk and dba strains. 
Eighteen of the Pj females from these crosses were mated back to known heterozy¬ 
gous Bagg albino males. Eleven of the Pi females produced litters containing 
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jittery animals, whereas the remaining seven produced only normal offspring. When 
only the Jj hybrids were considered, a 3 :1 ratio was expected in the backcrosses. 
One hundred eighty-two baekcross offspring were obtained from these matings, 
of which 49, or 26.92 per cent, were jj, approaching the expected ratio very closely 
(table 5). The same populations classified according to sex are presented in table 5, 
from which it is evident that there was no sex linkage. 

The baekcross data show that jittery was not peculiar to the Ba^g albino strain. 
It is justifiable to speak of jittery as a recessive trait, since the affected animals 
appeared in these crosses in numbers closely approximating Mendelian expectation. 

It is interesting to note the behavior of this gene with reference to the segregation 
of the various genes affecting coat color. The backcrosses were not designed to test 
linkage relations since albino animals were very unfavorable for this purpose and 
sufSciently large populations were difficult to obtain. 


TABLE 6 

Composition op Backcross Progeny 
Baqg albino X Fi (Bagg albino X C57Blk) 



Normal 

Jittery 

Total 

Chi- 

squared 

CABD 

CAbD 

cc 


Per 

cent 

CABD 

CAbD 


Num¬ 

ber 

Per 

cent 

Obs. 

Cal. . 

27 0 
21 6 


39 0 
43 1 

84 0 
86 3 


6 0 

7 2 

7 0 

7 2 

18 0 1 
14 3 

31 0 
28 7 

26 05 
26 00 

115 0 

116 0 

1 109 


Bagff albino »■ ccAAbbDDJj. 

Pi (Ba«g albino X C87Blk) = CcAaBbDDJj. 


The composition of the backcross progeny from the C57Blk females is shown in 
table 6. Only litters from known Jj females were considered. The number of 
affected animals produced in the C57Blk backcross amounted to 26.95 per cent 
of the total, which is very close to expectation. 

Previous tests had shown that the genotype of Bagg albino animals heretero 2 y- 
gous for jittery could be written ccAAbbDDJj, whereas that of the C57Blk was 
aaBBOCDDJJ, and the dba strain was COaabbddJJ. Both C57Blk and dba were 
homozygous for all the factors involved. The F^ from the C57Blk outci‘oss (Bagg 
albino x C57Blk) contained t^vo genotypes, namely, CcAaBbDDJJ and CcAaBb¬ 
DDJj. Baekcross progeny from the JJ females were omitted since no jj offspring 
were produced, but the backcross progeny from the Jj females contained six classes 
(table 6). The numbers were small but were in reasonably close agi*eement with 
expectation for an autosomal recessive gene. 

The Fi population from the outcross of Bagg albino males heterozygous for jit¬ 
tery X dba females consisted of two genotypic classes but only one phenotypic class. 
They were CcAabbDdJj and CcAabbDdJJ. These could be differentiated only when 
the backcross generation appeared, since litters from the former contained affected 
animals whereas those of the latter did not. The litters in which affected animals 
appeared are presented in table 7. The observed numbers were close to the calculated 
ratios. The numbers of animals in two baekcross generations were small for detect¬ 
ing linkage relations, but it was evident that the jittei*y gene was not closely linked 
with the e or b genes. 

The possibility of accumulating modifying factors from the C57Blk and dba 
strains to which Jj Bagg albino animals were outcrossed could be cheeked by several 
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methods. The mean age at onset of jittery among the C57Blk and dba backcross 
groups did not differ significantly from that of the Bagg albinos. Similarly, no 
significant difference was found in the mean age at death between the Bagg albinos 
and the C57Blk outcross groups. These data (table 2) indicate that modifying fac¬ 
tors affecting these two characters were not accumulated from the dba and C57Blk 
strains. 

An inspection of the growth curves of the three groups of animals (text figures 
1, 2, and 3) will reveal that the jittery C57Blk backcross progeny deviated from 
their normal sibs much earlier than the affected animals of the Bagg albino group 
or the dba backcross group. The deviation in the former group was significant after 
the ninth day, whereas in the latter two groups a significant deviation was not found 
until the seventeenth day. The normal progeny of the C57Blk backcross group which 
had the same genotype as their jittery litter mates, except for one j gene, did not 


TABLE 7 

Composition op Backcross Progeny 
Bagg albino X Fi (Bagg albino X dba) 



Normal 

Jittery 

Total 

Chi- 

squared 

CAbD 

cc 

Num¬ 

ber 

Per 

cent 

CAbD 

CO 

Num¬ 

ber 

Per 

cent 

Obs. .. 

Cal. 


22 0 

21 25 

42 0 

43 5 


9 0 

7 25 

7 0 

7 25 

i 

27 59 
25 00 


■ 


Ba^ albino » ccAAbbDDJj. 

Fi^a«g albino X dba) *= CoAabbDdJj. 


differ significantly from the normal offspring of the other two groups. Therefore, 
the difference between the growth curves of the C57Blk backcross jittery animals 
and those of the jittery animals of the Bagg albino and dba backcross groups must 
have been due to modifying factors introduced from the C57Blk stock. The general 
character of the affected animals was not noticeably different in the three groups, 
but no method was available for measuring objectively the details of behavior. 

Litter size might have been affected by modifying factors. The mean litter sizes 
at birth and at twenty-one days after birth among the combined backcross Jj x Jj 
matings were 9.22 ± 0.430 and 9.167 ± 0.410, respectively. Those of the Jj x Jj 
Bagg albino matings were 7.46 dz 0.535 and 6.807 ± 0.263. These differences are 
significant. It is, however, possible that the increased litter sizes from the back- 
crosses were due to heterosis rather than the action of the jittery gene. The evidence 
indicates that modifying factors affecting the rate of growth of the jittery animals 
were accumulated only from the C57Blk strain to which the Jj Bagg albino animals 
were outcrosses. 

It might be expected that a lethal gene which caused the death of the homozygous 
animals within a short time after birth would also tend to reduce the size of the 
litters at birth, or before, as a result of a precocious lethal action. Evidence bearing 
on this point is presented in table 4. The mean litter sizes at birth and at twenty-one 
days after birth were not significantly different between the Bagg albino Jj x Jj 
and JJ X JJ matings. Similarly, the mean number dead at birth was not sig¬ 
nificantly higher in litters from Jjx Jj than in those from JJ x JJ matings. No 
precocious lethal effect of the jittery gene was demonstrated. 

The possible genetic relationship between jittery and shaker-I was investigated 
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because these two mutant characters had some characteristics in common. Both arose 
in albino mice obtained from the colony of Dr. E. C. MacDowell. Tetany of the vol¬ 
untary muscles is characteristic of jittery mice and was found in extreme cases 
of shaker-I animals by Lord and Gates (1929). In view of these similarities, ex¬ 
periments w'ere undertaken to determine whether these two mutants were due to 
the same or allelomorphic genes. 

A strain of shaker-1 mice was obtained from the Roscoe B. Jackson J\lomorial 
Laboratory. Animals from this strain were crossed to known heteroi5ygons jittery 
mice. If jittery and shaker-I were due to nonallelomorphic genes, the progeny 
would be expected to contain only normal animals, whereas if they were due to 
allelomorphic genes, affected animals should appear in one-half of the Pi progeny. 
Eight matings were made between known heterozygous jittery and homozygous 
shaker-I animals. Sixty-nine Pi progeny lived twenty-eight days or more, and all 
were normal, as would be expected if two nonallelomorphic genes were involved. 
The sh-Ij combination could not have been lethal since the mean litter size at birth 
from these crosses was 8.26. It was, therefore, imlikely that shaker-I and jittery 
were due to the same or allelomorphic genes. 

Among the several hundred jittery animals obsen^ed in this study, only fifteen 
were classified as atypical. Three of these were clearly jittery, but lived beyond the 
age at death of typical affected animals. They were killed for experimental purposes 
on the 56th, 90th, and 97th days after birth. They were probably homozygous reces¬ 
sive (j j) animals that had escaped temporarily the lethal action of the jittery gene. 

The remaining twelve atypical animals did not show the extreme muscular in¬ 
coordination which characterized the typical cases. However, their sluggish behavior 
distinguished them from normal or typical jittery animals. Two of the females 
in this group reached breeding age and were mated to known Jj males. Their off¬ 
spring included twenty-five normal and fourteen typical jittery animals. These 
twelve atypical cases may have been heterozygous (Jj) individuals which showed 
some effects of the jittery gene. 

PATHOLOGICAL STUDIES 

Parahiotic twins ,—If jittery was due to the presence or absence of a diffusible sub¬ 
stance in the blood streams of affected animals, it should have been demonstrable 
by making parabiotic twins between normal and affected siblings. Six pairs of 
parabiotic twins were made according to the method of Bumster and Meyer (1983). 
The animals selected were aJways litter mates and, in all but the first pair, were 
of the same sex. The operation was performed as soon as possible after the symptoms 
of jitteryappeared. 

The range of the age at death for nonparabiotie jittery animals was 25 to 89 daj-’s. 
The affected animals in parabiotic union with normal sibs lived well beyond this 
range. The mean age at which parabiotic union was broken by the deatli of one of 
the members was 51.5 days. Details are presented in table 8. 

None of the normal animals showed signs of jittery. The affected animals, how¬ 
ever, were distinctly benefited since their lives were prolonged and tetany was 
eliminated. Each of them grew considerably and could not be distinguished in size 
from its normal twin. The affected animals were distinguishable by their peculiar 
crouching posture and incoordinated movements, but differences in size were slight. 

The experiment indicated that no substance was passed from the affected to the 
normal animals in quantities sufficient to influence ];»ehavior, but that the reverse 
may have been true. This might have been the ease if jittery had been due to a 
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deficiency of some sort. It was not necessarily true, however, since the ajBfected 
animals did not live indefinitely; their lives were merely prolonged. It is possible 
that the mechanical support offered by their normal twins plus the increased op¬ 
portunity to get food and water accounted for their improved condition. To test 
this possibility, feeding experiments with jittery animals were started. 

Feeding experiments .—Three jittery animals which had shown the malady on 
the 14th day were selected. On the 15th day, they were placed with a lactating 
female whose own litter of eight had been removed so that the food previously con¬ 
sumed by eight mice was now available for three. No increase in weight was noticed, 
and the three animals died on the 28th, 29th, and 30th days, respectively, which 
were within the range of ages at death for affected individuals when in competition 
with their normal litter mates. 

The muscular incoordination of the jittery animals may have prevented them 
from suckling properly even though there was no competition. This possibility was 


TABLE 8 

Parabiotic Twins Made between Normal and Jittery Animals 


Pair no. 

Sex 

Age (da>s after birth) at 

Animal first 
to die 

Cause of death 

Union 

Death 

1. 

0^9 

20 

57 

Normal 

Accidental 

2. 

cfcf’ 

19 

65 

Jittery 

? 

3. 

9 9 

19 

57 

Jittery 

Accidental 

4. 

9 9 

20 

46 

Jittery 

? 

6. 

d’ef 

19 

47 

Jittery 

? 

6. 


13 

47 

Jittery 

? 


checked by placing the affected animals in a small cage in which food and water 
were available at every point. Finely ground food was moistened and scattered over 
the floor of the cage every few hours, and overhead water bottles were arranged so 
that they could be reached from every point in the cage. Five 18-day-old jittery 
animals, which should have been able to feed independently, were placed in this 
cage. All lost weight and died within the range of ages at death of affected animals. 
Several other unsuccessful attempts were made to feed the jittery animals by hand. 
At autopsy, affected animals always showed some of the signs of inanition although 
their stomachs and intestines usually contained food. 

These experiments indicate that the loss of weight was not due primarily to lack 
of food. They also suggest that the increased life span of jittery animals united to 
normal animals by parabiotic union was not the result of increased opportunity to 
get food and water, although it is possible that the affected animals received some 
additional food supplies through the blood stream from their normal twins. It is 
likely that the benefits resulting from the parabiotic union were due to substances 
obtained in small quantities from the normal twin, probably a hormone of some sort. 
Since pituitary and parathyroid deficiencies were known to produce some of the 
characteristics of the jittery animals, these hormones were tested. 

Parathryroid experiments .—The similarity of the s 3 nadrome of parathryroid 
tetany to that of jittery was very striking, and in view of the results obtained from 
the parabiotic experiments an attempt was made to eliminate tetany by the admin¬ 
istration of calcium salts. A series of twenty affected animals was used: five were 
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given injections of sterile Kinger’s solution, and the remaining fifteen were given 
a graded series of doses of 0.1 per cent calcium lactate daily for five consecutive 
days. No improvement was observed in any of the animals, and the tetany continued 
as before. 

With the aid of Mr. H. C. Johnson, of the Department of Biochemistry, a series 
of tests was made to determine the actual calcium contenl of the blood of jittery 
and of normal mice at 20 days of age. Tests were run for diffusible calcium and for 
total calcium on separate groups of mice. The mean quantity of ionizable calcium 
as determined by the ultrafiltration method was 5.0 mg. per 100 cc. of serum for 
the sis affected animals and 5.3 mg. per 100 cc. of serum for the seven normal ones. 
This difference is not significant. The total calcium was 10.3 mg. per 100 cc. of serum 
both in the eighteen normal animals and in the ten affected ones. These experiments 
indicate that the jittery animals were not abnormal because of a parathyroid defi¬ 
ciency and that the beneficial effects of parabiotic union could not be attributed to 
a parathyroid hormone. 

Pituitary experiments. —It was pointed out by Smith and MacDowell (1930) that 
the dwarf condition in certain strains of mice could be partly overcome by implant¬ 
ing anterior lobes of the pituitary, and that the dwarf mice actually were deficient 
in the eosinophile cells of the anterior lobe. This result was confirmed by Kemp 
(1934), who was able to accomplish the same result by injecting preparations of the 
anterior lobe. The similarity of the growth curves of dwarf and of jittery mice has 
been pointed out, but the dwarf mice did not show the nervous symptoms of jittery. 
It seemed possible that the jittery mice were dwarf for one reason, such as a pitui¬ 
tary deficiency, and jittery for another. 

To test this possibility, three jittery animals were implanted with two whole 
pituitaries each day. Implantations were made into the muscles of the hip. Bach 
animal was weighed and observed daily to detect changes in weight or behavior. 
Implantations were started as soon as the affected animals could be identified and 
were continued until death. No appreciable differences in weight or behavior were 
noticed as between the implanted animals and the control or as belween the im¬ 
planted animals and the mean of the affected animals as a whole. All four died 
within the range for affected animals, namely, on the 30th, 31st, and 32d days. Since 
there was no indication that this line of attack would be profitable, it was not 
pursued further. 

Thymus experiments, —It was noticed that the thymus glands of affected mice 
were much smaller than those of normal animals, llidike man, the mouse does not 
normally lose its thymus by spontaneous involution. A number of adult mice from 
several strains were examined to cheek this point. The same observation was made 
by Masui and Tamura (1926). Eowntree, Clark, and Hanson (1934) had asserted 
that daily injections of a hydrochloric acid extract of calves^ thymus into rats of 
successive generations caused the offspring to be more and more precocious in each 
successive generation. It was suggested that the thymus played some part in the 
development of the normal animal. The peculiar involution of the thymus in the 
affected animals and not in their normal litter mates suggested that perhaps it 
might be related to the cause of the malady. 

To test this possibility, eleven affected mice were selected as soon as they could 
be differentiated from their normal litter mates and were implanted each day with 
one-half of the thymus from a normal mouse of about the same age. The implanta¬ 
tions were made subcutaneously with a large Leur needle. Daily weighings and 
observations were made. Five of the eleven animals died before they were 30 days 
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old, three more before the 40th day, two on the 42d day, whereas one of them lived 
94 days. The growth rate and general behavior did not differ significantly from 
those of the untreated jittery animals of the same strain, except that six of the 
eleven animals lived beyond the range of ages at death for untreated animals. The 
animal that lived for 94 days may have been an atypical jittery ease similar to those 
described in a previous section. This cannot be proved, but the symptoms of jittery 
were still present in this animal as they were in all those implanted with thymus, 
in spite of the fact that life was prolonged. The thymus glands of the thymus- 
implanted animals involuted as though implants had not been given. Evidently such 
implants did not overcome the primary cause of jittery. 

Yitamin A studies .—^Nervous disorders have been reported in animals raised on 
diets deficient in vitamin A. Hart, Miller, and McCollum (1916) demonstrated 
lesions in the nervous systems of swine on low vitamin A diets. Mellanby (1926) 
showed that dogs kept on low vitamin A diets developed severe nervous symptoms 
with convulsions and paralysis of the hind legs. Myelin degeneration of the periph¬ 
eral nerves was found in these cases. Hughes, Aubel, and Lindhardt (1928) reported 
muscular incoordination and spasms or convulsions in swine in cases of a\dtaminosis 
A. No complete paralysis was found, but the peripheral nerves showed myelin de¬ 
generation. Zimmerman (1933) observed incoordination and paresis in rats kept 
on a low vitamin A diet and was able to demonstrate myelin degeneration in the 
peripheral nerves and spinal cord. Sutton, Setterfield, and Krause (1934) studied 
this subject in rats and were able to produce the same symptoms by vitamin A 
depletion. Myelin degeneration of the peripheral nerves was also found. 

The s 3 rmptoms of avitaminosis A, except for the eye disorders, resembled those 
of jittery in many respects. The posture, emaciation, convulsions, decrease in 
weight, and eventual death were common to the two maladies. Five animals were 
selected as soon as they could be definitely diagnosed as jittery, and given 0.005 
gram of carotene in butter each day until death. Sutton, Setterfield, and Krause 
(1934) found that 1 gamma of carotene daily was sufficient to relieve the nervous 
symptoms in the rat. No improvement was observed in the treated animals, and 
they died within the range for untreated jittery animals. 

An atypical jiltery animal which had attained the age of 59 days was available. 
This individual was fed the same dose of vitamin A, in addition to a regular diet 
of ground Fox Chow, for a period of 32 days, when it was accidentally killed. Daily 
weighings were made, but no improvement was observed. 

Fostering experiments. —Greene, Hu, and Brown (1934) stated that “rapid im¬ 
provement follows fostering” of their dwarf rabbits on unrelated normal foster 
mothers. The possibility of a similar action in the case of jittery was tested by 
fostering entire litters from three heterozygous matings on unrelated laetating 
Strain A females. The litters were removed from their own mothers at birth and 
given to their foster mothers. Daily observations were made and each animal was 
weighed each second day, beginning at birth. The three litters contained eight 
affected animals. 

No improvement was observed in the jittery animals of the fostered group. When 
their daily weights were compared with those of unfostered jittery animals, it was 
found that they had lost weight more rapidly than the unfostered jittery ones. 
Death occurred in each case within the range for unfostered jittery mice of the 
same strain. 

Starvation experiments .—^At autopsy, the jittery animals showed the general 
symptoms of inanition. The flaccid conation of the intestine, the pale color of the 
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liver and spleen, and tlie extreme emaciation of tlie animals seemed to indicate that 
starvation in some way played a part. It has been shown that inereasingf the food 
intake of the affected animals did not prolong their lives or improve their condi¬ 
tion. However, since a few of the heterozygous individuals had shown some of the 
symptoms of jittery spontaneously, it is possible that heterozyj’ous animals could 
be induced to show the trait by starvation. 

Seventeen offspring about 15 days old wei*e lakeii from heterozygous matings and 
fed on a diet of Fox Chow and water that was just sufficient to maintain life. On 
the basis of chance, two-thirds of these non jittery animals woidd Juive been lietero- 
zygous. While it was impossible to distinguish the heterozygous from the homozy¬ 
gous normal animals by inspection, it was very unlikely that all of them belonged 
to the latter class. On the 15th day, the mean weight of the group 'v\as 8.04 gm. 
Seven days later, when three of the animals had died from starvation, the mean 
weight was 6.02 gm. None of the animals showed any of the signs of jittery except 
loss of weight. At autopsy, however, the same signs of inanition were present in 
the starved animals as normally appeared in the jittery ones. 

GROSS PATHOLOGY 

At autopsy, the jittery animals showed typical signs of extreme inanition and 
emaciation. Their bodies were thin, and the tail vertebrae and the bones of their 
feet were clearly outlined since the skin was drawn tightly about the skeletal 
structure. The proportions of the body seemed normal, as though the growth 
processes had stopped generally. The skin appeared dry but not wrinkletl, and in 
the albinos it was of a darker color than is normal for these animals. The intestines 
always contained food but were noticeably lacking in muscular tone and were very 
dark in color. No lesions were found in the intestines or stomachs. The livers ap¬ 
peared to be of normal size, in proportion to the rest of the body, but were light in 
color. On section, they presented dry, smooth surfaces, free from lesions, and showed 
the lobules clearly. The spleens were occasionally smaller than normal and lighter 
in color. The kidneys appeared normal when cut and no signs of congestions were 
seen. Very little fat was found. The hearts were not enlarged, but appeared flaccid. 
No congestion was seen in the lungs, and they would float in water. In the later 
stages of the disease the thymus glands were very small or lacking. The nervous 
systems appeared normal although the brains and cords were smaller than usual 
The meninges were free and not unduly thickened. The pituitary bodies were con¬ 
gested but did not appear larger than normal j howevej*, no actual measurements 
were made. The thyroid glands showed no external peculiarities. The adrenal glands 
were normal in size, shape, and color. An examination of the reproductive structures 
revealed no abnormalities except in color and general muscular tone. 

MICROSCOPIC PATHOLOGY 

Of the tissues studied microscopically, only those from the thyroid, pituitary, 
thymus, and nervous system showed changes which might have been associated 
with jittery. These will be discussed in detail. 

The thyroid gland .—^Plate 2, figure 5, shows a photomicrograph of the thyroid 
from a jittery mouse 11 days of age. It is normal in every respect. The cells of the 
follicles are cuboidal to slightly elongated and their nuclei are round and medially 
placed. Follicles are plentiful and fiRed with colloid, which shows no sign of ex¬ 
cessive storage. Small drops of freshly secreted colloid are found at the lumen end 
of the cells. The rest of the colloid stains uniformly. 
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The thyroid gland shown in plate 2, figure 6, was taken from a jittery animal, 
33 days of age. The follicles are present in normal numbers and almost nomal size, 
but the colloid is less homogeneous and shows signs of retention. A few small drops 
of freshly secreted colloid are present. The secreting cells are low, and some are flat¬ 
tened to the proportions of a squamous epithelium. The nuclei are compressed and 
bulge the cytoplasm into the lumen of the follicle. Connective tissue hyperplasia and 
wdiite cell infiltration are lacking. The thyroids from advanced cases were sugges¬ 
tive of hypoactivity. 

Since these changes in the thyroid glands could not be detected until from seven 
to ten days after the appearance of jittery symptoms, and since the thyroid glands 
of starved normal animals were hypoactive, there was no proof that the hypoactive 
thyroid glands of the jittery animals were primarily concerned with the malady. 


TABLE 9 


Mean Cell Count per Unit Area (One Unit Are i = 49,000 n^) from the Anterior Lobes of 
P iTUITYRIES op JiITERY AND NORMiL MtCB 


Normal 

Jittery 

Se\ 

Age 

Mean cell count 

Se\ 

Age 

Mean cell count 

cT 

11 

212 3 

cf 

11 

243 3 

9 

20 

242 4 

9 

11 

283 2 

cf 

30 

162 6 

9 

10 

298 6 

cf 

•15 

205 6 

9 

24 

294 4 

9 

38 

174 0 

9 

26 

304 8 

& 

24 

233 6 

& 

39 

207 5 




9 

38 

245 5 

IVIean 

29 5 

205 08 

Mean 

27 7 

276 7 


The thymus .—The thymus gland of the mouse does not normally undergo in¬ 
volution. Masui and Tumura (1926) state that it attains full development at two 
months of age and remains this size for the life of the animal. Our autopsy findings 
eonfii*m this. The thymus glands of jittery animals began to undergo involution 
shortly after the appearance of the jittery symptoms. Within ten days involution 
was well advanced. 

Plate 1, figure 3, presents a photomicrograph of the thymus of a normal 16-day- 
old mouse. The cortex and medulla of the gland are normally arranged and are 
composed of the typical constituents. In contrast to this, the thymus from a 33- 
day-old jittery animal is shown in plate 1, figure 4, The medulla is filled with cell 
debris and pyknotic nuclei, making it appear dark in the picture. The cortex is 
represented by a mass of stroma cells from which most of the lymphocytes normally 
found in this region had disappeared. 

The involution of the thymus gland was not coincident with the appearance of 
the symptoms of jittery. There is no proof that these changes were other than sec¬ 
ondary, since starved animals showed a partial involution of the gland and since 
implants of it did not overcome the disease. 

The pituitary ,—Serial sections, measuring 4 of the pituitary bodies of normal 
and affected mice were prepared and stained with Harris’s hemotoxylin and eosin. 
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The lack of a satisfactory tinctorial method of differentiating chromophobe from 
basopliile cells in the mouse pituitary precluded differential counts. 

The anterior pituitary lobes of the jittery mice were congested and considerably 
more cellular than those from normal mice of the same age and sex (pL 2, figs. 7 
and 8). Cell counts were made with a ruled %-iueh ocular counting disk which 
marked out an area of 49,000 square micra on the slide when the oil immersion lens 
was used. 

The mean number of cells for six normal and seven jittery mice is presented in 
table 9. The mean number for all affected animals was 276.70, and that of the normal 
mice, 205.08. The two groups did not overlap since the range for normals was 162.6 
to 242.4, and that of the affected animals, 243.3 to 304.8. 

The increase in the cellularity of the anterior lobes of the pituitaries of affected 
animals was probably greater than the figures indicate, since the blood passages 
were greatly distended with blood and, therefore, occupied a greater portion of the 
volume of the organ than in normal animals. The pituitaries of affected animals 
did not appear larger than those from normal animals, nor were mitotic figures 
abundant. On the contrary, the individual cells of the pituitaries from affected 
animals possessed only scant cytoplasm and their nuclei were hyperchromatic. The 
number of eosinophile cells did not seem to be decreased in the affected animals, but 
actual counts were not made. 

The changes in the pituitary did not appear concurrently witli the jittery symp- 
toms. They were detected only after several days had passed. It was, therefore, 
impossible to attribute the physiological cause of jittery to the pituitary since 
affected animals implanted with whole normal pituitaries had failed to show im¬ 
provement. 

The nervous system ,—The nervous system was studied by a inunber of methods. 
Serial sections were made of the brain and several regions of the cord in an effort 
to locate lesions, but none were found. The Marchi reaction as modified by Swank 
and Davenport (1935) was tried on the whole central nervous system. No positive 
results were obtained that would indicate myelin degeneration. 

With slides of normal and degenerated nerves as standards, the peripheral 
nerves and spinal cord of affected mice were examined by the polarized light method 
of Satterfield and Baird (1936), but no signs of degeneration were detected. 

NissTs method was used on the cells of the cord in an attempt to dcte<*t in the 
neurones degenerative processes which might have been correlated with the jittery 
condition. In the later stages of the disease, the motor cells of the anterior horn in 
the lumbar region showed a vacuolated condition which, according to Pcnfleld 
(1932), is indicative of degeneration. In the early stages of the disease, the vacuoles 
were not always found. The Nissl substance was peripheral in many of the cells and 
the nuclei were pushed to one side, showing central chromolysis. The degree of 
vacuolization was variable, being very extensive in some cases and hardly notice¬ 
able in others. One of the usual signs of degeneration was missing, however, namely, 
the migration of the gHa cells into the region of the damaged neurones. This would 
indicate that the damage was recent and not of long duration. Plate 2, figures 9 and 
10, shows photomicrographs of anterior horn cells from normal and affected animals. 

Since it was not possible to demonstrate degenerative processes before the onset 
of the external symptoms, one could not be certain whether the lesions represented 
the primary cause of the disease or were merely secondary. Starved normal animals 
did not show degenerative changes in their motor cells. These changes in the jittery 
a nim a l s could not, therefore, be attributed to inanition. 
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DISCUSSION 

No traits have been mentioned in the literature which are strictly comparable to 
jittery in mice. Perhaps the most similar one is congenital palsy in guinea pigs 
reported by Cole and Ibsen (1920). Here the tetany was present at birth. Since 
no pathological findings were given, the comparison cannot be carried beyond this 
point. A similar situation was found in the ease of hereditary tremors in Peromyscus 
described by Huestis and Barto (1936). In this case, the tremors did not appear 
until the animals were 14 days of age, and tetany was not mentioned. Both of these 
cases, like jittery, were due to recessive lethal genes. 

Degeneration of the motor cells is characteristic of both jittery in mice and 
paralysis in dogs, but in the latter ease the paralysis is limited to the posterior 
limbs, whereas in the former tetany is general. Jittery is due to a single recessive 
gene, whereas paralysis in dogs is probably due to at least three dominant genes. 

A slight but not significant excess of affected animals was found in each group 
of heterozygous matings. This excess was probably due to the appearance of a few 
cases in which genetically heterozygous animals showed some of the jittery symp¬ 
toms and were classified as homozygous recessive individuals. Two such cases were 
proved to be heterozygous by breeding tests, and ten others were suspected. 

The attempt to determine the physiological mechanism by which the jittery con¬ 
dition is produced has met with little success. Since the affected members of para¬ 
biotic twins increased in weight and showed no tetany, it would seem that they 
received beneficial substances from their normal twins; but none has been identified. 
The failure of pituitary implants to benefit affected animals indicates that the bene¬ 
ficial effect of parabiosis is not due to a pituitary hormone. The lack of pathological 
changes in the reproductive organs would tend to confirm this. The increased cel- 
lularity and congestion of the anterior lobes of the pituitaries of jittery mice may 
have been secondary effects. 

The thyroid glands of jittery mice were hypoactive. Starved normal mice also 
developed hypoactive thyroids. The changes in the jittery thyroids could not be 
attributed definitely to a pituitary deficiency. No evidence was found that the 
thyroid was primarily concerned with jittery. The affected mice did not resemble 
cretins and the thyroid changes did not appear until late in the course of the disease. 

It has been shown experimentally that jittery is not due to a parathyroid defi¬ 
ciency, at least so far as its relation to calcium metabolism is concerned. Moreover, 
there is no histological evidence of their abnormal behavior. 

The beneficial effects of parabiosis were not due to a substance produced by the 
thymus, since the nervous symptoms were not relieved when whole thymus glands 
were implanted into affected animals. The involution of the thymus in jittery 
animals may have resulted from inadequate food intake, since a partial involution 
of that organ was produced by starving normal animals; on the other hand, it could 
have been produced by a hormone imbalance. Most workers agree that the removal 
of the pituitary leads to an early involution of the thymus (Ascoli and Legnani, 
1912; Houssay and Lascano-Gonzalez, 1934; Houssay and Hug, 1921; Kapran, 
1932; Smith, 1930). Kemp (1934) stated that the administration of anterior pitui¬ 
tary extracts to dwarf mice caused a proliferation of the stroma of the cortex of 
the thymus, whereas Marine, Manley, and Baumann (1924) stated that involution 
of the thymus also followed removal of the thyroid. It is evident, therefore, that the 
hormones of the glands which showed the pathological changes in jittery mice are 
capable of bringing about all of the changes seen in the thymus glands. 
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The degenerative changes in the neivons system may have been primary, but they 
did not appear early in the history of the disease. They might equally have been 
the result of a primary cause elsewhere in the body of the animal, since it is well 
known (Penfield, 1932) that nerve cells are easily affected by organic changes 
outside of the nervous system. It is uncertain, therefore, n hethcr jittery is due to a 
degenerative process in the nerve cells, to endoci’ine disturbances, or to some other 
cause not discovered. 

SUATMAliY 


1. A new mutation in the house mouse, called jittery, is described. The affected 
animals were normal until about the 12th day, when symptoms of muscular iu- 
coordiuation appeared, followed by tetany, loss of weight, extreme emaciation, and 
finally death at a mean age of 31 days. 

2. Genetically, the defect is due to an autosomal recessive lethal gene. 

3. Jittery animals united by parabiotic union to nonual litter mates showed no 
tetany, attained a lai-ger size, and lived much longer than the jittery controls. 
Similar results were not obtained, however, by forced feeding, pituitary implants, 
thymus implants, feeding carotene, or injecting calcium salts. The calcium content 
of the blood of affected animals was normal. 

4. Microscopically, the pituitary showed an increased number of cells with a 
eorrespondiugly smaller mass of cytoplasm, hyperchromatic nuclei, and engorged 
blood passages. Eosinophile cells were present, but the proportion of each cell type 
present was not determined. 

The thyroid gland became hypoaetive in the later stages of the disease, and the 
thymus, which is normally persistent in mice, underwent involution. 

Motor cells in the lumbar region of the spinal cord showed varying degrees of 
vacuolar degeneration, but these changes were not coexistent with the firat appear¬ 
ance of the external symptoms. 

Starvation produced a hypoaetive condition of the thyroid gland and a partial 
involution of the th}'mus, to not the characteristic changes of the pituitary nor 
degeneration of the motor cells. 

5. The immediate cause of jittery cannot be attributed, with certainty, to any 
of these pathological conditions. 
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PLATE 1 


Fig. 1. Photograph of a normal mouse at 29 days of age. 

Fig. 2- Photograph of a jittery litter mate of the mouse shown in £gure 1. 

Fig. 3. Photomicrograph of the thymus of a normal mouse at 16 days of 
age, showing the normal arrangement of parts, x 43. 

Fig. 4. Photomicrograph of the thymus of a jittery mouse at 33 days of 
age, showing involution, x 43. 
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PLATR2 


Pij?.5.of tho th.>roi(l ^^land of fi jilioiy inouso 11 dnyh 
of age. The gland ib normal in htiuduu*. {500. 

Pig.6. Pliotomiciogiapli of ilie thyroid gland of a jittery mouse X\ days 
old, showing the deeply staining colloid and flattened opithcliuni. x 500. 

Fig. 7. Photomicrograph of the antciior lobe of the pituitary of a normal 
male mouse 30 days of age. x 500. 

Fig. 8. Photomicrograph of the anterior lobe of the ])ituitary of a jittery 
male mouse 30 days of age. The Idood passages are engorged with blood and 
tho cellularity of the organ is greatly increased, x 500. 

Fig. 9. Photomieiograph of a nnm})ei of motoi cells fiom the lumbar region 
of a normal mouse 29 days of age. NissPs stain, x 500. 

Fig. 10. Photomicrograph of a numlxM’ of motor c(‘lls from the lumbar region 
of a jittery mouse 29 days of age. The eclls show vacMiolnr degeneration and 
ehroniolysis. NissPs stain, x 500. 
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THE FLAGELLATE SUBFAMILY OXYMONABINAE 


BY 

JOT BAENES CBOS8 

INTEODUCTION 

The subfamily Oxymonadinae consists of certain xylophagons flagellates 
living as mutualistie symbionts in the gut of perhaps all of the termites of 
the family Ealotermitidae. The geographical distribution is world-wide in 
tropical and subtropical regions. A range of such extent suggests a high de¬ 
gree of diversiflcation among the flagellates and the supposition is amply 
justified. Many of these flagellates have single nuclei, but some have more than 
a hundred. In the multinucleate forms, the nuclei may be either distributed 
haphazardly or limited to a definite pattern. The extrannclear organelles also 
occur singly or in large numbers and may differ in arrangement and propor¬ 
tion. Cyclical changes which present added complications include alterations 
in the appearance and position of the nucleus, degeneration and replacement 
of extrannclear organelles, and simulation of the immature form of one genus 
by the mature form of another. Adaptations to an alternately motile and 
sessile stage result in definite dimorphism in which the body varies from 
spheroidal to irregular elongate forms with long tubular attachment organ¬ 
elles; and in which the maximum length is frequently five or six times the 

TniniTrmTTi - 

Although diversification among species and variation within species are 
expressed in a multiplicity of forms, all of the Oxymonadinae are evolved 
from an essentially simple unit consisting of a nucleus, an axostyle, a ros- 
tellum, and two blepharoplasts from each of which two flagella originate. 
Diversification has been achieved by repetition of the unit; by variation in 
length, breadth, and stainability of the different parts of the axostyle; by 
changes in the position of the nucleus in relation to the axostyle; and by 
changes in the relative sizes of the karyosome, the halo which surrounds the 
karyosome, and the nucleus. The blepharoplast-flagella complex exists prac¬ 
tically unchanged throughout the subfamily. 

Both the morphological unit and the methods of achieving diversity are 
simple, but the results are interestingly complex (text fig. A) and establish 
the flagellates of the subfamily Oxymonadinae as valuable subjects for evo¬ 
lutionary and cytological investigation. Because of the firmness with which 
they are attached to the chitinous lining of the termite gut, a knowledge of 
their functional pattern is of value for the problems of ecdysis and of the 
faunation of new colonies in the termite. Farther afield, the precision with 
which the complex fibrous organelles are periodically originated and de¬ 
stroyed affords an opportunity for morphological studies of the formation of 
intracellular fibers; and the shifting from a unmucleate to a multinucleate 
form in the evolutionary development of the Oxymonadinae permits a com¬ 
parison with a pattern of cellular behavior long recognized as pathologic. 
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I am grateful to Professor Harold Kirby for specimens from his collection 
for the studies presented here, and especially for his advice and criticism of 
the manuscript and the illustrations. 

MATERIALS AND METHODS 

Since all the slides are from Professor Kirby^s coUection, his method of re¬ 
cording them (19416) has been followed. .. certain slides bearing each new 
species have been designated as ‘synty^pe’ slides, all derived from the same 
colony of termites... Preparations selected from the same host species of 
termite but not necessarily the same colony as the syntype, are designated 
‘xenosyntjrpe’ slides. Slides from other termite species bearing the same 
flagellate species.. • are denominated ‘homosyntype’ slides.” TP- indicates 
that the accompanying number refers to a slide; and T- preceding a number 
refers to the file of records of termite colonies. 

The most intensive studies have been made of specimens in smears, the 
usual sort of preparation used in the study of termite protozoa. Ordinarily, 
one termite intestine furnishes thousands of specimens for one smear. The 
term ‘^thousands” is used advisedly, for the average number of protozoa occur¬ 
ring in a single section, 12/i. thick, from a serial from the gut, as computed from 
ten sections of Kalotermes minor (Cross, 1941) exceeds fifteen hundred. How¬ 
ever, oxymonads do not ordinarily appear in large numbers in smears and 
a comparison of the number in a section from the gut and in a smear shows 
that many of them must have been destroyed with the gut when the smear 
was made. 

In addition to the usual recordings of the position of the specimen in the 
smear, rough sketches were made of aU the recorded animals to facilitate 
subsequent examinations and appropriate classification into groups for later 
study. In general, each figure in the illustrations is representative of a con¬ 
siderable number of similar, registered specimens, but a few solitary speci¬ 
mens of peculiarly interesting or extraordinary forms have also been pictured. 
An 8 X or 15 X ocular with a 100 x objective has been used for the observations, 
and in a few instances a 20 x ocular was used for camera lucida drawings, 
giving a maximum magnification of 3400 x. 

Because of the extreme variation in size, the computation of measurements 
of central tendency in the Oxymonadinae was puzzling. Connell (1930) and 
I (1941) obtained separate averages for the large attached forms and for 
the small motile a n i mals . The median has been used for the four oxymonads 
studied intensively in this paper because in the presence of extreme variabil¬ 
ity, it is a more reliable measure of central tendency than the arithmetical 
average. For the sake of ease in calculation, fifty-one anima ls were measured. 
When the measurements were assembled preparatory to the determination of 
the median, it was evident that the nuclear measurements were much less 
variable than those of the body. Since the ratios of the smallest to the largest 
body lengths in Oxymonas grandis, 0, megakaryosoma, and 0. notabilis were 
%, Vs, and for the respective nuclear lengths %, 4, %, a ratio based on 
nuclear measurements would be the more dependable. The median of the 
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breadth of the karyosome compared with the median of the width of the nucleus 
(indicated throughout this paper as K/N) furnished a ratio which proved 
to be a remarkably close measure. The ratio of the width of the halo to the 
breadth of the karyosome (H/K) also proved reasonably constant. All of 
the ratios were computed from specimens, excepting those for Oxymonas 
projector, 0. pediculosa, and 0. gracilis, in which they were estimated from 
the figures given by Kofoid and Sweizy (1926a). The width of the halo was 
determined by measuring the distance between the inner and outer circum¬ 
ferences of the clear ring which surrounds the karyosome and is not to be 
confused with the “diameter” of the halo which is a measurement that ZelifiP 
(1930a) used. All measurements of the length of the body excluded the 
rostellum. The axosiyle shoulder was used as the anterior locus except in 
0. notabilis, in which the position had to be estimated because the shoulder 
is retracted. 

Only a small number of living specimens has been used. However, these 
included one colony of Kalotermes minor which was maintained for more than 
a year in a refrigerator dish on which the glass cover was prevented from 
closing tightly by inserting a small paper wedge. Prom time to time food 
was supplied by adding coarse towel paper, folded into thick pads and moist¬ 
ened with distilled water (May, 1941). This was an easy and safe method of 
feeding and of controlling moisture within the chamber. Observations on this 
colony and on a few specimens of 0. jouteli from Kalotermes jouteli, Key 
Largo, Florida (T-4616), were made with darkfield illumination on smears 
in 0.65 per cent NaCl just as has been described earlier (Cross, 1941); but 
no new facts were learned. 

Gut sections of Neotermes howa were available in Professor Kirby's collec¬ 
tion; but intestines of N. dalbergiae, N, tectonae, N, howa var. mauritiana, 
and Qlyptotermes sp. nov. from Uganda that had been fixed in Hollande's, 
Flemming’s, or Schaudinn’s solutions and stored in- 80 per cent alcohol for 
several years were prepared for this study. Tertiary butyl alcohol was used 
for dehydrating and in combination with the paraffin for preliminary infil¬ 
tration because it diminished the difficulties in sectioning the chitinous intima 
and the wood particles. Caution was exercised to insure the complete evapora¬ 
tion of the alcohol before embedding. One-tenth of its weight of white beeswax 
was added to the paraffin. The entire intestine was left intact up to the time 
of embedding, when the anterior portion was discarded after being dissected 
out with heated needles. This obviated the cutting and mounting of serials 
from regions of the intestine in which protozoans are not found. Amputation 
in the warm paraffin prevented leakage of the specimens, which would have 
resulted from earlier dissection in fluid reagents. Because the termites had 
not been fed previously on filter paper to decrease their wood content, the 
consequent grit in the paraffin blocks made the cutting of serial sections thin¬ 
ner than 12fi inadvisable. 

The gut sections were stained with Delafield’s (with or without a counter¬ 
stain of eosin) or Heidenhain’s haematoxylin after fixation with Hollande’s 
or Schaudinn’s solutions. After Flemming’s fiuid, Eegaud’s haematoxylin 
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was usually used. In a few slides, acid fuchsin was used as a counterstain fol¬ 
lowing Heidenhain’s haematoxylin. Delafield^s haematoxylin, followed by 
eosin, was a good choice for gut sections in the study of Oxymonas minor and 
0. grandis, but was poor for smears because it does not stain the axostyle 
(Kirby, 1928) nor does it define the spindle structure as satisfactorily as the 
iron stain does. In gut sections for 0. megdkaryosoma and Barroella coronaria^ 
Heidenhain’s haematoxylin following Schaudinn’s fixative was the better 
combination, and was also the most generally useful with all of the smears. 

About four hundred serial slides were made from Neotermes dalbergiae and 
iV. tectonae, because the large size of Oxymonas grandis promised an advan¬ 
tage in studying the mechanism of the holdfast. Termite colonies were chosen 
for the serials from which smears had shown either division stages or the 
dark-colored spherules called ‘‘chromidia” by Zeliff (1930c&). One or two 
slides from each serial of an intestine were laid aside. The others were stained 
and searched swiftly for indications of ^^chromidia.^^ This method provided 
about twenty unstained, “chromidia suspected” sister slides for a Feulgen 
reaction. 

The de Tomasi (1936) adaptation of the Feulgen method was used. Fol¬ 
lowing a notation in Eeichenow (1927-29) that occasionally the aldehyde 
derivatives of thymo-nucleic acid were already present, hydrolysis was omitted 
with three slides. The staining reaction (‘Wong” Feulgen for 1% hours) 
was negative. Two slides were hydrolyzed at 63° for 4 minutes. The reaction 
was negative for Oxymonas. Gut sections hydrolyzed at 63° for 5, 6, 9, and 
10 minutes, respectively, gave positive reactions with the stain. The best re¬ 
sults occurred at 9 minutes. The sections which had given negative results for 
Oxymonas without hydrolysis were hydrolyzed for 8 minutes and those which 
had been hydrolyzed for 4 minutes were hydrolyzed for an additional 4 min¬ 
utes, after which the staining reaction was positive in both cases. Five per cent 
methyl green in 95 per cent alcohol was used as a counterstain. 

There was no evidence of extranuclear chromatin, the so-called chromidia. 
With the longer periods of hydrolysis, both the wood particles (Lee, 1937) 
and the chitinous lining of the intestine gave positive reactions. (This simi¬ 
larity in chemical behavior suggests that the degenerating chitinous intima 
may have a nutritive value for the termite and the protozoa during the non¬ 
feeding period of ecdysis.) 

The pale, mustard yellow spherules found in the Oxymonadinae darken 
readily with iron-haematoxylin, do not stain readily with fuchsin, and resist 
staining with eosin. These reactions are not specific but suggest the possible 
presence of volutin. Following McClung (1937), sections of gut from Oxy¬ 
monas grandis were stained deeply with carbol fuchsin and destained with 
aqueous iodine potassium iodide. If volutin is present, it retains the stain and 
the other cellular components are bleached. Since the spherules lost the color 
completely, long before any other structures were affected, the result of the 
test must be considered negative. Consequently, the application of the term 
“volutin” to the spherules found in Oxymonas is not warranted on the present 
evidence. 
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SPECIAL STUDIES OF MORPHOLOGY 

OXYMONAS GEANDIS CLEVELAND^ 

Oxymonas grandis occurs in the intestine of Neotermes dalbergiae and Neo- 
termes tectonae from Java and Sumatra. This report is largely an ampli¬ 
fication of Cleveland’s (1935) account, which was limited somewhat to his 
essential interest in the achromatic intranuclear figure, as his title implied. 
He described 0. grandis as an excellent choice for study because the body and 
nucleus are larger than has been reported for any other oxymonad, and the 
value of that advantage has been extended by the discovery in 0 . grandis 
of counterparts for characteristics that were too small to interpret definitely 
in the small species. In addition to giving a more detailed account of the 
extranuclear organelles and of their behavior during mitosis, I have made 
some modifications in Cleveland’s report of the mitotic nucleus. Certain dif¬ 
ferences in my observations are probably the result of my avoidance of speci¬ 
mens for mitotic studies that had been stained with Delafield’s haematoxylin, 
because it either does not stain the cablelike portion of the intranuclear spindle 
or stains it faintly. Cleveland reported his use of that stain and a number of 
his illustrations show only the characteristics that it depicts. 

Many of the structural variations found in 0. grandis are most readily 
interpreted as periodical adaptations to an alternately motile and sessile 
period with the subsequent adjustment necessitated by a host-parasite rela¬ 
tionship. A detailed account of a life cycle that approximates that of 0. 
grandis has been given for 0. minor in an earlier paper (Cross, 1941), and 
agrees in the more important aspects with that outlined by Connell (1930) 
for 0. dimorpha. Briefly, it consists of a flagellated motile period, in which 
the body of the animal is relatively small and broadly ovoidal or spheroidal, 
and the anterior portion of the body is extended only slightly in a low mound 
to form the rostellum. The latter organelle, with its apical holdfast, serves for 
attachment, during the sessile period, to the chitinous intima lining the termite 
gut, and may be either short or several times as long as the body; either tubular 
or somewhat flattened, narrow or comparatively broad. The greatest varia¬ 
tions in the size and shape of the body occur in the attached period. 

Presumably, the small, motile form of Oxymonas is present following 
ecdysis in its host. Attachment is made to the intestinal intima, and growth 
and reproduction take place until another ecdysis disrupts the anchorage 
of the flagellate. Usually, the protozoan contents of the termite gut are lost 
with each moulting and refaunation takes place by proctodeal feeding, but 
at the close of the seventh instar the flagellates are retained through ecdysis 
and supply the alates with a fauna for the new colonies (Child, MS; Cross, 
1941; May, 1941). 

In sections of the intestine of Kalotermes minor, Oxymonas minor has been 
seen to form a relatively uniform peripheral banding of the lumen, but in 
sections from other Kalotermitidae the distribution has been less regular, and 
the somewhat discontinuous banding shown for 0. grandis in a cross section 

^ See below, p. 112, for diagnosis and taxonomic position. 
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of gut from K. dalhergiae (pi. 8, fig. 36) is more typical. In it, 0. grandis shares 
the outermost concentric circle with Caduceia kalshovenif and the central 
region is composed of Foaina nana, Devescovina parasoma^ and a few Calo- 
nympha. Frequently, in regions where the lumen is smaller, 0. grandis has 
been the sole occupant, forming a continuous band, and occasionally the sit¬ 
uation has been duplicated in Olyptotermes sp. nov. from Uganda with 0. 
megaJcaryosoma. Oxymonads have been the only protozoans in the termite 
that I have seen appearing constantly in this peripheral ring, except in Ealo- 
termes flavicollis where the distribution of both Hexamastix and Tricer^ 
comitus resembles it. 

Gut sections show that the bodily deformities appearing in smears can¬ 
not always be considered artifacts. Since the cytoplasmic irregularities often 
conform to the interstices formed by the crowding bodies of adjacent proto¬ 
zoans, it seems probable that distortion is caused by crowding and bodily plas¬ 
ticity. Faulty fixation cannot be suspected because the large calonymphids 
retain their normal forms. Janicki (1915) reported that the “major” form 
of Stephanonympha silvestrvi was more subject to distortion than the small 
“minor” form and this dissimilarity in behavior is equally true for the large 
0. grandis and the small 0. minor. 

Apparently, the presence or absence of an extended rostellum also depends 
in part upon the extent to which its neighbors crowd the animal from its point 
of attachment. A lengthy rostellum probably results from a passive growth 
adaptation to external pressure acting on plastic cytoplasm, and a complex 
neuromotor system is not needed to explain its morphology. Fowell (1936) 
stated that the neuromotor system of ciliates and flagellates is “almost cer¬ 
tainly skeletal (at least) in part.” The rostellar fibers are passively long or 
short as the growth in length of the cytoplasmic protuberance forming the 
rostellum requires. The active extension or retraction of a rostellum has been 
reported by no one except Nurse (1945), who stated that “the flagellates 
remained stationary but were seen to retract the proboscis.” Since Oxymonas 
rarely “remain stationary^* except during the period preceding disintegra¬ 
tion, it seems probable that this so-called retraction was actually a degenera¬ 
tive change. At least, ConneU (1930) observed that an extended organelle 
remained unchanged in spite of strong stimulation by a needle. The lengths 
of the rostella were not measured because their extreme and fortuitous varia¬ 
bility deprives the measurements of significance for either cyclical phenom¬ 
ena or speciation problems. 

The fibers of the rostellum, instead of contracting into a “sleeve” as Kof oid 
and Swe^ (1926) assumed, are frequently coiled (pi. 6, fig. 19). In all of the 
specimens that I have seen, whenever the body of the oxymonad was coated 
with bacteria, the rostellum was equally coated. It is difScult to imagine 
what would become of these external parasites if the rostellum were sud¬ 
denly drawn inside the body or why ‘Tiirsute” animals in which the recently 
extruded rostellum is still “bald,” or at least only sparsely covered, have not 
been found if the rostellum can be thrust out suddenly and lengthily. 

Cleveland (1935) described the rostellum as “... an extension of the body 
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made by the non-staining portion of the axostyle.” This is possibly true in the 
early reorganization period, when the rostellnm is a low mound, but his defi¬ 
nition would more nearly conform to my observations if the word “occupied” 
were substituted for the word “made.” In the serial sections from intestines 
of the termite, there is abundant evidence of crowding and crushing that 
could encourage the adaptive growth of such an organelle, and there is no 
visible evidence of the rostellar fibers actively pushing out a lengthy ros- 
teUum. Possibly Cleveland intended a less active type of extension by growth, 
but even that does not explain instances where the old holdfast and the old 
rostellar cytoplasmic protuberance have remained during eeU division, and 
where the new rostellar fibers burrow forward to reoceupy a region that had 
existed previous to the origin of the fibrils (pi. 6, fig. 20). Consequently, Cleve¬ 
land's figures B-6 and B-7, cannot be accepted as showing that “.., extension 
of the body by the fibers is just beginning,” but are to be interpreted as ani¬ 
mals in which the holdfast is not yet developed and in which the rostellum is 
short and may or may not remain so. 

Studies of live material demonstrate the unlikelihood of a passive crowding 
such as occurs in growing cells in metazoan tissue. Instead, tiie fluid in which 
the termite protozoa are suspended seethes with violently lashing bodies. Some 
of the protozoans in the termite gut are propelled by a varying number of 
flagella which range from a few to hundreds. In others, locomotion is achieved 
by forceful swimming strokes made by the rhythmical repetition of a swift 
and sharp bending of the body, followed by a slightly slower straightening. 
Because the axostyle in Oxymonas plays so active a part in this process, it is 
a temptation to overlook the contractile qualities inherent in the cytoplasm 
and to describe the axostyle as the causal agent of bodily motion. Locomotion 
in Oxymonas probably results from the combined activity of the flagella, the 
axostyle, and the body; and even in the sessile period the axostyle and the 
body continue their concomitant movements. 

Perhaps within the crowded limits of the gut the activity of the protozoans 
is lessened, but their capacity for violent movement and consequent sudden 
changes in pressure cannot be questioned. Marsland (1939a, 5) and Pease 
(1941) found that appropriate increases in pressure can produce a homo¬ 
geneous sol within a cell so that dissolution of the mitotic figure takes place, 
streaming in Elodea, and furrowing in dividing egg cells can be stopped 
temporarily. Although the amounts of pressure in the termite gut by no means 
approach those that were used in these experiments, their potential effects 
cannot be entirely ignored. 

Cytoplasmic protuberances similar to that shown in plate 7, figure 26, are 
commonplace in sections as well as in smears, but the specimen shown is ex¬ 
traordinary because the protuberance is occupied by a loop of the recurvent 
portion of the axostyle. The protuberance is not an artifact, but has existed 
long enough to permit the growth of the fibers. It is unlikely that the pro¬ 
tuberance was produced by the fiber, because fiber formation is found in only 
a small fraction of the total number of protuberances. Other instances are 
shown in plate 3, figure 2, and plate 13, figure 87. In the rostellum the axo- 



74 


University of California Publications in Zoology 




rig. A* Representatives of the Oxymonadinae shondng the diversity in their configuration. 
1. BarroeUa coronana. 2. Oxymonas megakaryosoTna, 3. Oxymonas grandis. 4. Oxymonas 
notcibiUs, (830 x the median.) 
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style fibers grow outward, then return; and in the protuberances the same 
biavior is evident, an outgrowth and a return. A protuberance presumably 
might result from either a slow, persistent pressure, or a sudden, violent 
crushing. In the former instance, the cytoplasm within the protuberance 
could find its new position by slow displacement. In the latter, there would 
probably be streaming. Possibly the presence or absence of streaming within 
the protuberance determines the presence or absence of fibers. 

In general, my observations on the axostyle agree with Cleveland’s report. 
The shoulder of the axostyle is broadened and trough-shaped, so that both of 
its anterior corners lie on the same side of the body, at the base of the rostel- 
lum, with the edge of the axostyle forming a semicircle between them. The 
major portion of the axostyle extends excentrieally throughout the full length 
of the body from the shoulder at the base of the rostellum and is composed of 
closely appressed fibers, some of which fray moderately and irregularly in 
the posterior half. Usually the posterior edge of the major portion of the axo¬ 
style is rolled like a scroll (text fig. A, fig. 3; pi. 8, fig. 33). The posterior end 
of the thick scroll is drawn out until it forms the slender, distal tip of the 
axostyle and projects very slightly beyond the posterior boimdary of the 
body. The structure as a whole resembles a scimitar. One blepharoplast is set 
closely against one corner of the shoulder of the axostyle and the other is 
attached by a short fiber to the opposite corner, so that the blepharoplasts also 
tend to lie on the same side of the flagellate’s body. Each blepharoplast is 
composed of two rounded granules, and two fiagella originate from the more 
external granule of each pair. Since one pair of flagella passes outward 
through the spirochaete tuft, they are very difficult to trace. No measure¬ 
ments were made of the length of the flagella. The specimen in plate 5, flgure 
16, shows that the typical blepharoplast arrangement is achieved very early 
in the post-telophase period. 

My observations confirm Cleveland’s (1935) explanation of the variation 
in staining reaction between the different portions of the axostyle. The degree 
of compactness of the paralleling fibrils, of which the various parts are com¬ 
posed, determines the intensity of the staining The regions which stain most 
deeply are retained the longest during the degeneration which accompanies 
mitosis. I have divided that section of the axostyle which Cleveland called the 
“non-staining portion” into two parts, the “anterior portion” and the “recur- 
vent portion.” 

The anterior portion of the axostyle consists of delicately staining fibrils 
which pass from the shoulder of the axostyle anteriorly to the holdfast or 
its anlage. In 0. grandis the recurvent portion stains delicately and consists 
of those fibrils that extend backward into the body from the holdfast or its 
anlage. The fibrils of both the anterior and the recurvent portions are appar¬ 
ently continuous with one another and with those from the major portion of 
the axostyle. Cleveland described the recurvent portion as being more regular 
than I have found it( text fig. A, fig 3). Sometimes it was seen as two some¬ 
what frayed ribbons, and sometimes as a broad, almost fan-shaped arrange¬ 
ment of loose fibers. 
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Where the anterior portion of the axostyle doubles backward at the tip 
of the rostellnm to become the recurvent poi1:ion, there are a few fibrils that 
continue their anterior direction beyond a small deeply stained nodule at the 
point where they leave their fellows and form the holdfast. The continuity 
of the fibrils of the holdfast and of the rostellum is established by an occa¬ 
sional less compact agglomeration of fibers than that which produces the 
nodule. A slight amount of cytoplasm clings to the fibrils, they branch, and 
the branchlets spread over the chitinous intima of the gut epithelium among 
the spirochaetes bordering it in much the same fashion as rootlets insert 
themselves in interstices of rock and make anchorage (pi. 6, fig. 19). When 
0. grandis is torn from the gut, as it may be in smears, the slight amount of 
cytoplasm that accompanied the fibril seems to contract and round up into 
more or less complex bulbous structures like those shown by Cleveland (1935) 
in his text figure A, and by my text figure A, figure 3. If such a soft spheroid 
of cytoplasm were telescoped backward over a fibrous core, it would produce 
exactly what Blirby pictured in Microrhopalodina multinucleata (pi. 23, 
fig. 24,1928). Numerous specimens have been found in which the tips of the 
rostellum represent intermediate stages between the cytoplasmic spheroids 
pictured by Cleveland (1935), the knoblike structure by Elirby (1928), and 
the slightly concave surface, by Kofoid and Swe 2 y (1926) and Connell (1930). 
The variation in appearance is dependent upon how much of the holdfast was 
destroyed when the animal was detached from the gut. Some damage is inevi¬ 
table with animals in smears, but only the terminal fibers are lacking in the 
drawings presented by Kirby (1928) and by Cleveland (1935). 

Kofoid and Swezy (1926) pictured the attachment of Microrhopalodina 
multinucleata by means of a “cup shaped expansion” of the tip of the ros¬ 
tellum to the surface of the epithelium in sections from the intestine of the 
termite. Earby’s plate 22, figure 10, of M. multinucleata (1928) gives a more 
satisfactory representation of the usual relationship of the rostellar tip of 
oxymonads to the chitinous intima of the intestine. Duboscq and Grasse 
(1934) stated that more intense staining was the only modification shown 
by the rostellar fibers at the point of attachment, and their text figure IV, 
figure 1, gives no more detail than was found in the earlier reports. They 
seem to have overlooked the implications of a fibrous attachment indicated 
in their text figure IV, figure 2; but the appearance of this fibrous attachment 
more nearly agrees with my observations than do any of the others. Previous 
reports, however, have truly presented the appearance of the attachment 
mechanism as it is usually found, and even in so relatively large an animal 
as 0. grandis, specimens that are favorable for the recognition of the addi¬ 
tional fibrous detail pictured in plate 6, figure 19, are not commonplace. 

The term “nuclear matrix” has been substituted for Cleveland's phrase 
“nuclear sleeve,” because a matrix may be defined as an “enveloping element 
within which something originates, takes form, or develops,” and this is a 
better description of the apparent function and amorphous condition which 
the organelle assumes during mitosis. In the interkinetie period it is a mem¬ 
branous, sacklike organelle extending posteriorly from the shoulder of the 
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axostyle (text fig. A, fig. 3) and encircling the nucleus too closely to be visible 
in many instances. However, it may readily be seen in plate 5, figure 18, and 
plate 8, figure 34. Its substance is more durable than that of the unmodified 
cytoplasm of the body, for in specimens where that has been destroyed, the 
matrix persists and maintains the attachment of the nucleus to the axostyle 
shoulder. 

The nucleus is slightly ovoid, has a well-defined membrane, and in the 
interkinetic period is situated just posterior to the axostyle shoulder. The 
chromatin is disposed in discrete granules of somewhat varying size in a 
reticulum composed of irregular strands of a delicately staining matrix sub¬ 
stance (text fig. A, fig. 3). Sometimes the strands of granules form clumps 
(pi. 5, fig. 18) and sometimes a relatively clear, narrow band separates the 
central area that is occupied by the loose chromatin reticulum from a slender 
ring of fine granules, lying just within the nuclear membrane. No centro- 
somes were observed, and there is no karyosome. In late reorganization stages, 
however, a karyosome is present (pi. 7, figs. 23,25,28) and is often associated 
with an axostyle the immaturity of which is indicated by the arrowhead shape 
of its tip (Kirby, 1928; Cross, 1941). 

The ectoplasm is usually sharply differentiated as a narrow, clear layer. 
The endoplasm is finely granular and ordinarily contains wood fragments 
and spherules that range in color from copper to yellow and are surrounded 
by vacuoles. The spherules persist after the body has been completely de¬ 
stroyed and are frequently present in the rostellum, which is contrary to 
Connell’s (1930) report. It seems wiser to assume, as JanieM (1915) and 
Kirby (1928) have, that these structures are metabolic products formed from 
ingested wood. Zelifif (1930a) used the term “chromidia” for those spherules 
that stain dark with haematoxylin, and Connell (1930) called all of them 
volutin on the basis of nonspecific staining reactions. Zeliff failed to report 
any tests supporting his terminology, and my tests (p. 70) did not substan¬ 
tiate either Zeliflf’s or Connell’s claims. Usually if the spherules are lacking 
the axostyle is much frayed. Contrary to Connell’s report, their absence is 
not correlated with the absence of mitosis. 

The pellicular symbionts consist of rodlets arranged in a brush-stroke pat¬ 
tern and spaced rather regularly over the entire surface of the body, including 
the rostellum, and a tuft of spirochaetes attached to one side of the rostellum 
just above the shoulder of the axostyle (text fig. A, fig. 3). The position of 
the latter is even more specific than Earby (1941a) indicated, since the spiro¬ 
chaetes always occur in the region occupied by one pair of the flagella and 
on the opposite side of the axostyle from that on which the nucleus is situated. 
Possibly the localization is a consequence of the fact that the region is more 
sheltered from the periodic changes of mitosis; or possibly it occurs because 
of a chemotropism, for this side of the rostellum is in much closer association 
with the intensely basophil shoulder of the axostyle. The spirochaetes are 
absent occasionally. Perhaps they are dislodged or are obscured beneath the 
rostellum. They are present on both parts of the dividing rostellum shown 
in plate 6, figure 20. Occasionally, specimens of 0. grandis had numerous 
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colonies of Sphaerita in the cytoplasm (pi. 7, fig. 31). Plate 5, figure 17, 
shows an Oxymonas parasitized by a short plump rod. The nucleus has been 
crowded posteriorly and the axostyle is very broad and pale. Several animals 
were seen in which similar rods had localized in smaller numbers at the base 
of a rostellum. Whether the granular appearance of the nucleus has been 
caused by the parasites' actual invasion of the nucleus or whether it resulted 
from the hypertrophy of the chromophil substance could not be determined; 
and it was equally impossible to discover whether the clear circle surrounding 
the chromophil mass was inside the nuclear membrane, or whether it was out¬ 
side and represented an atypical expansion of the nuclear matrix. 

Oxymonas megakartosoma sp. nov.* 

Oxymonas megakaryosoma is a uninucleate species of the Oxymonadinae that 
occurs in the intestine of Glyptofermes sp. nov. from Uganda, Trinucleate 
specimens (pi. 10, fig. 54) were recorded a number of times and a four- 
nucleate animal is shown in plate 8, figure 38. 0. grandis is the only other 
oxymonad that has been reported with an axostyle that is at all similar to 
that of 0. megakaryosoma, but the presence of a large oval karyosome in the 
latter and its absence from the interkinetic period in the former separate the 
two species sharply. The facts pertaining to the life cycle and the correlated 
host relationships in 0. grandis, and to the morphological modifications which 
resulted therefrom, are equally applicable to 0. megakaryosoma (pp. 71-74). 

The broad, fibrous composition of the major part of the axostyle which 
extends excentricaUy from the rostellum throughout the length of the body 
and frays moderately and irregularly in the posterior half, is very like that 
organelle in 0. grandis; but it appears less rigid and slightly sinuous because 
it is a little longer than the body. The anteriorly situated, trough-shaped 
shoulder and its association with the blepharoplast-flagella complex is exactly 
the same as that of 0. grandis (pi. 5, fig. 18; pi. 9, fig. 39). The posterior edge 
is narrower, but it is also rolled into a scroll, one end of which is drawn out 
and terminates in a heavy fiber which forms the posterior tip of the axostyle 
and extends slightly beyond the posterior boundary of the body. A cufSike 
expansion encircles the junction of the scroll and the fiber. The anterior and 
recurvent portions of the axostyle duplicate the appearance of these struc¬ 
tures in 0. grandis. A specimen is shown, however, in which the rostellum is 
unusually broad (pi. 9, fig. 43) and which demonstrates why the fibers of the 
recurvent portion of the axostyle were described as cytoplasmic fibers previous 
to Cleveland's (1935) report of their origin from, and their continuity with, 
the anterior portion of the axostyle in 0. grandis. Because it is smaller, studies 
of the holdfast were slightly less definite than in the last-named species; but 
they completely confirmed the findings pictured in plate 6, figure 19. No meas¬ 
urements of the length of the flagella were made. 

The nuclear matrix encircles the nucleus as it does in 0. grandis, but its 
insertion in the axostyle is anterior to the shoulder and there is a tendency to 
form access ory fibrils (pi. 9, figs. 39, 40). In one specimen (pi. 9, fig. 40) a 

* See below, pp. 112—113, for diagnosis and tasonoznic position. 
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rhizoplast was seen extending from the axostyle to one of a pair of prominent 
grannies in, or on, the anterior surface of the nucleus. The nucleus is ovoid 
and its membrane is delicate. The chromatin granules vary somewhat in size 
and the reticular strands in which they are embedded frequently appear in 
short festoons with delicate strands crossing the halo and joining the karyo- 
some (pi. 9, figs. 39, 40). In some specimens both the nuclear membrane and 
the chromatin granules are so pale that the nucleus is not readily distinguish¬ 
able, because under such circumstances there is a superficial similarity be¬ 
tween the appearance of the karyosome and the darker-staining cytoplasmic 
spherules. 

Since the karyosome is formed by an agglomeration of granules, whether it 
appears homogeneous or whether it appears to contain a granule, depends 
upon the compactness of its granular components. The degree of compactness 
also determines whether the boundary of the karyosome is smooth or irregular. 
The presence of more than one “karyosome’^ results from the series of divisions 
which precedes degeneration of that organelle in prophase. 

The division of a clear, narrow band of ectoplasm from the granular endo¬ 
plasm, and the presence of cytoplasmic spherules and wood particles, is the 
same as was described for 0. grandis. The excessive fraymg of the axostyle 
which was often correlated with the absence of spherules occurs in both 
species, but it is pictured only in 0. megakaryosoma (pi. 9, fig. 44; pi. 10, 
fig. 55). The fraying was not limited to animals undergoing division, but speci¬ 
mens in kinesis were chosen for illustration because Connell (1930) had stated 
that division did not occur if the cytoplasmic spherules were absent. 

The rodlets which constitute the pellicular symbionts (text fig. A, fig. 2) 
are similar in appearance to those of 0. grandAs. Because their attachment is 
more frequently by one end than by the side, and because there is a greater 
tendency to chain formation, 0. megakaryosoma appears slightly more shaggy. 

OXTMONAS NOTABILIS SP. NOV.* 

Although Oxymonas uotabilis is normally a uninucleate animal, binucleate 
animals are frequent and even six-nudeate specimens are not rare. Its host 
is Neotermes howa from Madagascar. The facts pertaining to the life cycle 
and the correlated host relationships in 0. grandis and to the morphological 
modifications which resulted therefrom, are also applicable to 0. notabilis 
(pp. 71-74). 

In the immature stages of 0. notabilis, the shoulder of the axostyle is 
found, as is usual in the group, at the base of the rosteUum in association with 
two blepharoplasts, each of which is composed of two granules, and in each 
of which the distal granule supports two flagella (pi. 13, fig. 88). However, 
in the mature animal, no evidence of either blepharoplasts or flagella was 
found, although a diligent search was made; and the axostyle shoulder is sit¬ 
uated excentrically near the middle of the body. The major portion of the 
axostyle is composed of closely appressed paralleling fibers extending pos¬ 
teriorly from Ihe relatively straight and narrow anterior edge that forms the 


’ See below, p. 113, for diagnosis and taxonomic position. 
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shoulder. A flattened, pennant-shaped organelle is formed -with a tapering, 
pointed posterior tip (pi. 13, fig. 87) or with double tips like a swallow’s tail 
(text fig. A, fig. 4). The tips terminate freely in the posterior cytoplasm, near, 
but not ordinarily in contact with, the posterior boundary of the body. The 
anterior portion of the axostyle consists of delicately staining fibers that 
extend from the shoulder to the apex of the rostellum. The recurvent portion 
is a deeply stained, compact, fibrous, ribbonlike structure, extending poste¬ 
riorly from the apex of the rostellum into the posterior cytoplasm of the body, 
where it turns anteriorly again. The recurvent portion of the axostyle is much 
longer than the body, but always lies within the cytoplasm and never passes 
beyond the pellicle. Loops of the recurvent portion often occupy cytoplasmic 
protuberances which occur commonly in 0. notdbilis in spite of its smaller 
size (pi. 13, fig. 87). The recurvent portion of the axostyle is a part of Cleve¬ 
land’s “non-staining” portion of the axostyle; but in 0. notabilis, the intensity 
with which the recurvent portion stains made Cleveland’s term completely 
inappropriate. The details of the holdfast in 0. notabilis could not be distin¬ 
guished because of its smaller size; but since the larger structures faithfully 
duplicated those seen in 0. grandis and in 0. megakaryosoma, it is probable 
that the terminal holdfast fibrils are the same. 

A suggestion of a nuclear matrix was seen in the specimens represented in 
plate 13, figures 82 and 88; but no evidence of it was found in fully developed 
animals This was unfortunate, for the modification necessitated by the pos¬ 
terior migration of the axostyle shoulder would have been particularly inter¬ 
esting. In Oxymonas grandis the nuclear sleeve was inserted in the axostyle 
at the level of the shoulder (pi. 5, fig. 18); in 0. megakaryosoma it was in¬ 
serted slightly above the shoulder (pi. 9, fig. 40). In 0. notabilis the insertion 
occurs possibly at a considerable distance anterior to the shoulder and this 
permits the retraction of the axostyle shoulder without a concomitant change 
from the customary position of the nucleus. 

The nucleus is broadly ovoid. Pine chromatin granules lie just beneath and 
close against the thin but well-defined nuclear membrane. Other, slightly 
larger, granules are embedded in a loose, delicate, reticular matrix. Where 
the strands of the reticulum cross one another, small clumps of granules often 
occur. The karyosome is round and excentric posteriorly and the halo which 
surrounds it is narrow. A few delicate strands of the reticulum cross the halo 
and join the karyosome. 

The clear, narrow band of ectoplasm found in O. grandis and 0. mega¬ 
karyosoma is lacking in 0. notabilis but the endoplasm is similarly granular 
and contains wood particles and cytoplasmic spherules. It is interesting to 
notice that the latter are smaller in smaller animals and that this is true within 
as well as between species ( pi. 7, figs. 23,26, 30; pi. 9, fig. 47; pi. 10, fig. 54; 
pi. 13, figs. 83,87). 

The pellicular symbionts, consisting of long spirochaetes and long curved 
rods which are attached by their ends, completely cover the body (text fig. A, 
fig. 4). Spore formation in the ro(fe was suspected because frequently they 
appeared more bulbous and more deeply stained at the attached end. 
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Bareoella coronaria sp. nov/ 

Barroella coronaria is a multiiiucleate ox3aiionad that is found in the intestine 
of Neotermes howa var, mauritiana from Mauritius. The characteristics which 
distinguish B, coronaria from B. zeteM, the only other member of the genus, 
are given with the report on the latter species (p. 122). The facts pertaining 
to the life cycle and the correlated host relationships in 0. grandis and to the 
morphological modifications which resulted therefrom, are also applicable to 
B, coronaria (pp. 71-74). No other member of the Oxymonadinae has shown 
as extensive variations as this species. Variability in the size of the body and of 
the rostellum is well demonstrated in plate 14, figures 91 and 92, and in. plate 
15, figure 108. Cyclical changes in bodily appearance are shown in plate 15, 
figures 102 to 105. The name coronaria describes the multiple crown-making 
stage illustrated in plate 15, figure 108. 

Uninucleate oxymonads are present in the same host with B. coronaria and 
their nuclei are not unlike those of certain immature stages of the latter. How¬ 
ever, no specimens were seen in which the uninucleate form originated from 
the multinucleate animals, and an insufficient number of division stages of 
the uninucleate form was found to determine certainly what the interkinetic 
appearance of the nucleus might be. Moreover, in sections from the intestine 
of the termite, there was always a marked segregation of uninucleate and 
multinucleate animals, which is contrary to the expected condition if the 
former is actually a division product of the latter. 

The major portion of each axostyle is slender and extends posteriorly from 
its shoulder either to the posterior boundary of the body or for a slightly 
shorter distance. The anterior portion consists of delicately stained fibers, but 
the recurrent portion is an intensely stained, ribbonlike structure which is 
much contorted because it lies entirely within the body in spite of its length. 
In the latter respect, it is similar to 0. notabilis. However, the shoulder of 
the axostyle is tapered slightly and not broadened, as is true of the latter 
species, and it is not retracted to the central region of the body but approxi¬ 
mates the position near the base of the rostellum that is found in all of the 
other ox 3 unonads, excepting 0. notabilis. Instead of a nodule at the apex 
of the rostellum, tiiere is a deeply stained cylindrical extension of the rostellar 
fibers which is about twice as broad as the ribbonlike recurvent portion of 
one of the axostyles. Although the studies of the holdfast were less satisfac¬ 
tory than were obtained for 0. grandis and for 0. megakaryosoma, the evi¬ 
dence implies that attachment is made in the same manner by fibrils extending 
from the cylindrical projection, which is homologous with the nodule of the 
uninucleate species. 

No blepharoplasts nor fiagella were observed in the mature animal, but in 
plate 14, figure 96, are shown numerous very young axostyles in which the 
blepharoplast-flagella complex was distinct and which illustrated the high 
degree of flagellar mutilation that occurred, Plate 14, figure 97, shows two 
axostyles, one with a total of two flagella and the other with only one. The 
See below, p. 123 , for diagnosis and taxonomic position. 
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irregularities in flagellar number occurred indiscriminately on either the 
proximal or the distal blepharoplast, and plate 14, figure 100, probably rep¬ 
resents the unmutilated state. One blepharoplast is in close association -with 
the shoulder of the axostyle and the other is joined to it by a short, slender 
interblepharoplast fiber. Each blepharoplast is composed of two closely 
appressed spherical granules, and two flagella originate from each of the more 
distal granules of the pair. Earlier mutilation probably accounts for the 
presence of only three flagella in plate 15, figure 106. 

In another immature specimen similar to that shown in plate 15, figure 103, 
flageUa were seen that were one and a half times the length of the body. Be¬ 
cause the flagella and blepharoplasts were very much crowded in the corona 
formation, it was not possible to determine whether each axostyle was associ¬ 
ated with two blepharoplasts and four flagella, but two flagella were found 
originatiug quite consistently from each blepharoplast. 

In the interkinetie period, the nuclei are scattered throughout the body of 
B. eoronaria. Usually, they are without any appearance of order, but occasion¬ 
ally they have been observed in longitudinal paralleling lines of five or six 
nuclei in each. This seems to have resulted from the chance collection of the 
nuclei between two adjacent axostyles. 

In 0. notabiMs, the nucleus lost its close association with the axostyle 
shoulder and there was no evidence of a nuclear matrix in the interkinetie 
stage. The units composing the multinudeate B. eoronaria exhibit this same 
lack of a matrix that is correlated again with llie disassociation of the nuclei 
and their respective axostyle shoulders. The nuclear matrix, however, is 
readily distinguished m association with a very yoimg nucleus (pi. 15, fig. 106) 
which is from the late division period illustrated in plate 15, figure 108. The 
interkinetie nucleus is spheroidal in shape. The membrane is definite and 
the chromatin granules are relatively large and distributed rather uniformly 
in a fibae-medied reticulum composed of a delicately staining matrix sub¬ 
stance. The karyosome is round, and surrounded by a halo which is crossed 
occasionally by a delicate strand of the matrix reticulum. 

There is no division of the cytoplasm into a clear ectoplasm and a granular 
endoplasm in BarroeUa eoronaria, a characteristic in which it again resembles 
0. ndlabilis. The cytoplasm contains wood particles, and the spherules are 
usually very small. They have been omitted in the illustrations for the sake 
of clarity. Frequently, the anterior third of the body is relatively clear in 
appearance and although the nuclei are definitely in interkinesis, the axostyles 
have assumed the condition shown in plate 14, figure 92. 

The pellicular symbionts are the largest that have been recorded in this 
paper, and they cover the animal thickly, and completely (text fig. A, fig. 1). 
The rods are similar to those seen attached to 0. notahilds in their tendency to 
be bulbous and to stain more intensely at their proximal ends. They were not 
found on the uninucleate Oxymonas that occurs in the sa/me host with B. 
eoronaria, and the spirochaetes covering the former are thicker, and shorter 
than the longest ones found on the latter. 



Cross: The Flagellate Subfamily Oxymonadinae 


83 


SPECIAL STUDIES OP EEPRODUCTION 
Histobical AccotrNT 

Although morphological diversification and variation are extreme among the 
Oxymonadinae, the pattern of mitosis among them is fairly uniform and many 
of the differences in kinetic behavior that have been reported previously are 
actually only differences in interpretation. Janicki (1915) reported that the 
new axosiyles originated from the old intranuclear spindle in Oxymonas 
granulosa; but in spite of their diagrammatic quality, his illustrations demon¬ 
strate the fallacy of his statement. Both Zeliff (1930a) and Connell (1930) 
described the intranuclear spindle as developing from the karyosome. Unless 
the absence of a karyosome whenever the spindle is present, or the converse, 
is accepted as proof, Zeliff’s illustrations do not substantiate his report; and 
the elongating karyosome shown by Connell is the initial stage of repetitious 
divisions which result in the complete disintegration of that organelle instead 
of the formation of a barlike eentrodesmose, as he stated. My description of a 
nuclear matrix involves new factors, but Kirby (1928, pi. 24, fig. 43) pictured 
it; Cleveland (1934, pi. 60, figs. 442-445) pictured it and called it a halo; 
ConneU (1930) recognized it as the “clear area”; and Janicki (1915) illus¬ 
trated it and called it a “transparenten Plasmaportion.” 

Janicki’s (1915) account of kinesis was handicapped by an insufficient 
number of specimens. In his report of mitosis in Mierorhopalodina multi- 
nueleata, Kirby (1928) recognized, for the first time, posterior migration of 
the nucleus during the prophase, described the structure of the spindle, and 
figured but did not describe the metaphase girdle of chromatin. Zeliff (1930a) 
both reported and figured the latter, but unfortunately his numerous illustra¬ 
tions are very small. Connell (1930) suggested a correlation between the 
origin of the neuromotor system and the “clear, undifferentiated substance,” 
and reported that mitotic figures of 0. dimorpha were found only in smears 
from the intestine during the first few days following ecdysis in the termite. 
Cleveland’s (1935) description of the achromatic figure in 0. grandis dis¬ 
credited the idea that the karyosome produced the spindle as supposed by 
Janicki (1915), Zeliff (1930a), and Coimell (1930). The application of his 
report of the origin of the recurvent portion of the axostyle to the earlier ac¬ 
counts of retractor fibers (Kofoid and Swezy, 1926a) and cytoplasmic fibers 
(Kirby, 1928; Connell, 1930; Lewis, 1933) has been discussed earlier in this 
paper. 

Nuoleab Migration 

My observations of mitosis in 0. grandis, 0. megakaryosoma, 0. nofdbUis, and 
BarroeKacororaoria have confirmed my description (1941) of an anterior post¬ 
telophase migration of the nucleus preceding plasmotomy in 0. minor. In 
conjunction with Kirby’s report (1928) of a posterior prophase migration of 
the nudeus it establishes the presence of an orbital nudear migration con¬ 
comitant with intranudear cyclical kinetic changes. An attempt to determine 
the corrdation of the stages of this cycle within a cycle has resulted in the 
foUowiug briefly outlined conclusions. 
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In Barroella coronaria, the morphological unit of one nucleus and one axo- 
style has been used to facilitate comparison of this multinucleate flagellate 
with the uninucleate oxymonads. The use of the unit is altogether feasible 
because mitosis is synchronized in all the nuclei of multinucleate oxymonads. 

In the prophase the nucleus migrates posteriorly (pi. 3, flgs. 2, 6, 8; pi. 9, 
fig. 47; pi. 11, figs. 59, 62; pi. 14, fig. 92) (Kirby, 1928; Zeliff, 1930a; 
Connell, 1930; Cleveland, 1935), and usually this migration continues through 
the metaphase with the long axis of the nucleus paralleling the long axis 
of the body. In the anaphase, there is a swift shifting in orientation that 
leaves the nucleus in the extreme posterior part of the body with the long axes 
perpendicular. In very small animals, the long axis of the nucleus may remain 
parallel to the long axis of the body. The telophase occurs in the same position 
as the anaphase. 

The post-telophase anterior migration of the nucleus preceding plasmotomy 
reported for 0. minor (Cross, 1941) has been amply verified (pi. 6, figs. 20,22; 
pi. 8, fig. 33; pi. 10, fig. 55; pi. 13, figs. 82, 83, 85, 89) and is essential to an 
understanding of late mitotic figures in this flagellate subfamily. With its 
interpolation into the reproduction pattern, division specimens such as text 
figure C, figure 4 in Kofoid and Swezy, 19266, and plate 24, figure 33 in Kirby, 
1928, need not be accepted as evidence of fission unaccompanied by mitosis. 
Cleveland’s (1935) figure 6, in text figure B, no longer implies transverse divi¬ 
sion of the body, contrary to flagellate behavior, but becomes an illustration of 
anteriorly migrating nuclei which must undergo the successive stages repre¬ 
sented in plate 6, figure 22; and plate 7, figures 31 and 30. 

Even in the complex multinucleate species Barroella coronaria, the concept 
of nuclear migration proved valid. Prophase migration of the nucleus is often 
obscured because the nuclei are already situated posteriorly during inter- 
Mnesis. Anterior post-telophase migration of the nucleus appears in a modified 
form, indicated at first by the polarization of all of the nuclei and the axostyles 
toward the anterior part of the body (pi. 15, fig. 109; pi. 16, fig. 115). This 
orientation is an exact duplication of the initial step in the anterior nuclear 
migration in u ninu cleate animals. Instead of a centralization of nuclei at the 
extreme anterior end of the body, which is manifestly impossible when large 
numbers of nuclei are involved, group localizations occur at numerous loci 
throughout the an im al (pi. 15, fig. 108). The subsequent steps of repetitious 
multiple division are easily and successively traced in plate 15, figures 102, 
105,104,103, and terminate in a Microrhopalodina-Yik^ stage. 

Theoretically, this process does not exclude the possibility of uninucleate 
animals deriving from multinucleate forms. Sometimes, cytoplasmic division 
instead of appearing as a budding mass (pi. 15, fig. 105) occurs with the 
‘T3uds” arranged linearly, in a long, drawn-out chain. Such behavior would 
seem to be more favorable to the production of uninucleate offspring, but 
since no specimens were found illustrating their origin, and since there were 
nuclear differences as well, division in B, coronaria is not reported as terminat¬ 
ing in a uninucleate state. 

Connell’s hypothesis of the production of multinucleate from uninucleate 
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animals by means of delayed plasmotomy is supported by the experimental 
production of binucleate specimens of Amoeba proteus (ChalMey, 1935) in 
which cytokinesis was entirely eliminated whenever it was prevented until 
after the daughter nuclei had passed a certain stage in reorganization. The 
presence of anterior post-telophase migration of the nuclei preceding plas¬ 
motomy increased the plausibility of ConnelTs postulate, because otherwise 
it was necessary to assume some special method of returning the daughter 
nuclei and their axostyles to their normal interkinetic position from the 
posterior region of the body where they are scattered at the close of division. 

Extbanuclear Organelles 

Ordinarily, during the prophase the old axostyle degenerates progressively 
but the fibrils of the holdfast are retained. Perhaps its isolated position pro¬ 
tects it from the fiber-destroying physiological changes within the body at 
this period and permits the holdfast to maintain the sessile condition of the 
animal through much, or all, of the division process. 

The nuclear matrix loses its connection with the axostyle and usually be¬ 
comes a more or less amorphous, clear area which accompanies the nucleus in 
its posterior migration (pi. 3, fig. 2; pi. 9, fig. 47; pi. 11, figs. 58, 60, 61, 62). 
Probably the sharply defined, external capsule surrounding the nucleus in 
plate 3, figures 5 and 6, and the definitely outlined clear area extending from 
the rostellar region to encircle the posteriorly situated nucleus in plate 11, 
figures 57 and 59, can be explained as a retention of the earlier membranous 
condition of the matrix. 

During kinesis the amorphous nuclear matrix continues to surround the 
nucleus, and siace young axostyles have not been found originatmg or develop¬ 
ing except along the border between it and the granular cytoplasm, the close¬ 
ness of association between the daughter axostyle and the nucleus is always 
dependent upon the elastic volume of the surrounding matrix. 

The separation of the nuclei from their more rapidly migrating daughter 
axostyles is only apparent, not actual (pi. 5, fig. 15), and the amorphous 
nuclear matrix supplies the connection which Cleveland (1935) did not find 
but argued must be present continuously. The matrix is not only divided 
between the daughter nuclei, but is often branched to form an axostyle matrix 
as well (pi. 4, fig. 14; pi. 10, fig. 51; pi. 13, figs. 81, 82, 85, 88, 89, 90). If the 
readiness with which this substance produces a membrane for the interkinetic 
nuclear matrix and its association with the fibrous production of young axo¬ 
styles are recalled and considered in relation to the configuration of the 
axostyle matrices in plate 13, figures 88 and 90, the “axostyle sleeve” of 
Kofoid and Swezy (1926a) may be plausibly explained as the casual retention 
during early interkinesis of a voluminous and potentially fibrous or mem¬ 
branous nuclear matrix, and it may be more appropriately called a matrix 
sleeve. 

In only one instance has an axostyle been found actually within a sleeve. 
Instead, the inner position is often held by the nucleus, and the axostyle lies 
along the periphery of the matrix which maintains the same relative positions 
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that the matrix and the axostyle held during the anaphase. In an undeseribed 
multmucleate oxymonad in Kal&termes tubereulatus from Australia, aU of 
the axostyles were encircled by a single, fibrous matrix sleeve as though the 
latter had been produced by the fusion of all their individual matrices during 
their mutually amorphous condition in the telophase. The matrix is frequently 
seen in the motile period of Oxymonas where Connell (1930) described its 
function as being that of protection to the neuromotor system; he differen¬ 
tiated it from tiie axostyle sleeve reported by Kofoid and Swezy (1926a) 
because of its dissimilar function and structure. Actually, it seems that Kofoid 
and Swezy based their description on a later and somewhat fortuitously 
modified period of the same matrix substance. There can be no doubt that 
the nuclear matrix anchors the nucleus to the axostyle during interkinesis. 
Possibly, as Connell stated, it also protects the blepharoplast-flagella-axostyle 
complex during the motile period, but none of my observations have supported 
the idea that the matrix functions in the active extension and retraction of the 
rostellum as Kofoid and Swezy (1926) reported it. 

The earliest evidence of a new axostyle in 0. grandis is the granule attached 
by a fibril to one pole of a prophase nucleus (pi. 3, fig. 7). In plate 9, figures 47 
and 48 show longer fibrous extensions across the nuclear mati*ix from the 
spindle poles. There are two pairs of granules that are somewhat larger than 
the neighboring cytoplasmic granules just beyond the spindle poles in plate 
11 , figure 65; but these cannot be regarded as anlagen of the new axostyles. 
Well-differentiated young axostyles are pictured in specimens in the meta¬ 
phase and the anaphase (pi. 4, figs. 10,11; pi. 9, fig. 50; pi. 10, fig. 52; pi. 11, 
figs. 63, 66 , 69), and in many of them a fibrous connection with the spindle 
poles can be traced. The origin of the new axostyle seems to be at the point 
where the fibrous extension from the spindle pole touches the peripheral 
border of the amorphous nuclear matrix. From this point, compact, deep- 
staining fibers grow along the peripheral border of the matrix to produce the 
major portion of the axostyle. Less compactly spaced fibers grow in the 
opposite direction to produce the anterior portion. The nuclear matrix is 
attached to the axostyle at the anlage of the shoulder, which exists as the 
line of demarkation between the two parts of the axostyle (pi. 4, fig. 14; pi. 10, 
figs. 51,56). At a short distance from the shoiilder, the anterior portion doubles 
back sharply upon itself to produce the recurvent portion of the axostyle (pi. 
5, fig. 15; pi. 9, fig. 50; pi. 13, figs. 81,90). Nodules appear along the fibers at 
the locus of transposition from the recurvent to the anterior portion of the 
axostyle and apparently constitute the anlage of the holdfast (pi. 4 , fig. 13; 
pi. 5, figs. 15,16; pL 13, fig. 81). 

Cleveland (1935) reported that an achromatic figure producing part of 
the cmitriole remained inside the nucleus but that another part migrated out 
from the nucleus and functioned in the production of the axostyle. I have seen 
no such migration, but there have been many instances where definite fibrils 
have extended outward from the pole of the nucleus (pL 3 , fig. 7 ; pi. 9 , fig. 48; 
pL 10, fig. 52; pi. 11, fig. 63), and their presence certainly implies a definite 
relationship between the spindle pole and the origin and development of the 
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axostyle. In the telophase of 0. grandis, blepharoplasts and flagella may be 
seen in much the same arrangement as they appear in the interkmetic period, 
with two blepharoplasts each supporting two flagella. No specimens of 0. 
megakaryosoma were found that furnished satisfactory studies, but plate 10, 
figure 56, shows the lower axostyle with two blepharoplasts situated at the 
intersection of the borders of the nuclear matrix and the axostyle shoulder. 
One blepharoplast evidently consists of two granules. It is possible that the 
granules attached by fibrils to both of the poles of the nucleus in plate 10, 
figure 52, are blepharoplasts, but no intermediate stages were found and their 
association with the axostyle shoulder is less close than is to be expected from 
the interkinetic position of the blepharoplasts. It is barely possible to dis¬ 
tinguish two minute blepharoplasts at the tip of one of the axostyles in the 
telophase specimen of 0. notaiiUs (pL 12, fig. 72). Similar granules may be 
detected in plate 13, figures 82 and 88, but no flagella were observed at any 
stage in 0. notabilis. Telophase nuclei with blepharoplasts and flagella were 
abundant in plate 14, figure 96, but the flagella were omitted from the illus¬ 
tration for the sake of clarity. Because the axostyle shoulder in B. coronaria 
is very slender, the arrangement of the blepharoplasts appears slightly differ¬ 
ent from that of 0. grandis and 0. megakaryosoma, but it is essentially the 
same (pi. 14, fig. 100). 

Throughout the group, one new axostyle normally develops at each pole of a 
dividing nucleus (pi. 4; pi. 10; pi. 12; pi. 15, fig. 110) and theoretically should 
result in an equal number of axostyles and nuclei in interkinesis. Variation 
from this established pattern requires explanation (pi. 10, fig. 54; pi. 14, fig. 
96). The extra axostyles dragging across the isthmus joining the bud to the 
body in plate 15, figure 102, support the assumption that the connection be¬ 
tween the nucleus and its axostyle might be destroyed in the confusion attend¬ 
ant on anterior migration, resulting in subsequent unequal distribution in 
plasmotomy. 

Another explanation must be found, however, for plate 14, figure 96. Either 
some nuclei have degenerated or there has been an excessive production of 
axostyles. Since no axostyles have been observed to originate except in juxta¬ 
position with the nuclear matrix near the poles of a spindle, it is imagined 
that in the event of the disjunction of an axostyle from a daughter nucleus in 
the crowded mitotic condition, axostyle growth might be provoked anew by the 
fibrous extension from the spindle where it crosses the periphery of the nuclear 
matrix. 

In plate 12, figures 75, 77, and 78, however, the nuclei are in excess of the 
axostyles. Binucleate animals are commonplace in 0. notabilis and figure 77 
pictures a formerly binucleate specimen with both of its nuclei in concomitant 
mitoses. Figures 75 and 78 probably show instances where a uninucleate animal 
has undergone two swiftly successive mitoses, omitting the anterior migration 
of the nuclei, and retaining an undivided nuclear matrix. Since the previously 
formed axostyles already occupy the region where young axostyles originate, 
the growth of additional organelles does not take place and the second division 
results in four daughter nuclei with only two axostyles. 
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Frequently, the daughter axostyles migrate anteriorly more rapidly than 
do their respective nuclei (pi. 5, fig. 15). The anterior portion of the axostyle 
functions as a “burrowing” tip and either produces a new rostellar mound 
for one axostyle, or both axostyles migrate forward into an existing rostellum 
which splits longitudinally (pi. 6, fig. 20). Elirby (1928) described the split¬ 
ting of the rostellum in Microrhopalodina multinucleata as beginning proxi- 
mally, but I have observed it beginning either proximally or distally. The 
axostyles in plate 6, figure 20; plate 7, figure 23; and plate 8, figure 33, all 
show arrowhead-shaped posterior tips. Since the binucleate animals are evi¬ 
dently young dividing animals, it is reasonable to suppose that the uninucleate 
specimen has also recently undergone plasmotomy (Kirby, 1928), and 
throughout my study of the Oxymonadinae, specimens with arrowhead-shaped 
tips have been avoided for diagnostic purposes because of the implied im¬ 
maturity. 

Mitosis 

In Oxymonas grandis a karyosome is found only in recently divided animals 
(pi. 7, figs. 23, 25) and it disintegrates by a series of divisions before inter¬ 
kinesis (pi. 7, figs. 24, 27, 28, 29). In the remainder of the group studied, the 
karyosome divides repeatedly during the prophase. Sometimes when the very 
large karyosome of 0. megakaryosoma breaks down, the impression is given of 
four or five karyosomes. In plate 9, figures 40, 45, 46, 42, and 49 illustrate the 
progressive changes. The dividing karyosome spins out fibers between its 
parts and often appears as an iU-defined spindle. Its true character becomes 
apparent when four or five of these imitations of a spindle occur simul¬ 
taneously. In 0. grandis the Feulgen reaction indicates definitely that the 
karyosome is composed of chromatin and that the spindle fibers, which react 
negatively, are quite dissimilar from the karyosome in their chemical con¬ 
stitution. Connell (1930) reported that the nuclei of 0. dimorpha reacted 
negatively to the Feulgen test although the nuclei of other protozoa on the 
slide were well stained. My results from varying the length of time for hydro¬ 
lyzing indicate that probably ConnelTs failure to stain the nuclei of 0. di¬ 
morpha was caused by insufiicient exposure to the hydrolyzing agent. Because 
in other respects the nuclear components of 0. grandis are similar to those of 
other oxymonads, it is logical to suppose that the karyosomes in the entire 
group are composed of chromatin, and consequently the earlier reports of the 
production of the spindle from the karyosome (Zeliff, 1930(2; Connell, 1930) 
are again discredited (Cleveland, 1935). Sometimes the karyosome has been 
seen simultaneously with the spindle (pi. 9, fig. 45; pi. 11, figs. 61,62) (Kirby, 
1928, pi. 24, fig. 41). Zeliff's (1930a) report that the karyosome originates from 
the remains of the intranuclear spindle is also invalidated by the very different 
reactions of the two organelles to the Feulgen test. 

However, there is evidently a correlation between the disintegration of the 
intranuclear spindle and the origin of the young karyosome, for their associa¬ 
tion is close and practically imiform in all of the one hundred and fourteen 
nuclei in a specimen of Barroella coronaria (pi. 16, fig. 112). The details of 
the agglomeration of the chromatin granules around the fibrous desmose are 
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shown in plate 16, figure 111. In my earlier studies of nnimicleate animals, the 
value of similar specimens was discounted because the association was at¬ 
tributed to chance alone. In 0. grandis and 0. megaharyosoma^ which are 
much larger animals, the granules could be observed to cluster around the 
exit through the nuclear membrane of the old spindle (pi. 10, fig. 53). Since 
the karyosome originates from an agglomeration of granules, the presence or 
absence of a granule within it demonstrates the degree of compactness of the 
aggregation rather than the presence or absence of a division center (JanicM, 
1915; Kofoid and Swezy, 1926a). 

Changes from the interphase position of the chromatin granules were recog¬ 
nized in the prophase, but no uniform pattern of behavior was discovered 
among the oxymonads. Zeliff (1930) reported that there are seventeen chromo¬ 
somes in Oxymonas pediculosa from Bugitermes panamae. My observations of 
0. grandis, 0. megakaryosoma, 0. notabilis, and Barroella coronaria are in 
agreement with Cleveland’s (1935) account of 0. grandis, in which it is stated 
that the chromosomes are numerous, small, irregular granules. They are em¬ 
bedded loosely in discontinuous strands of a lighter staining matrix substance. 
Paired strands were commonly seen in the prophase, and Zeliff (1930a) 
described a double thread formation as the result of longitudinal splitting of 
the chromosomes in this period. Very early spindles were occasionally seen in 
nuclei that were still in the anterior interphase position (pi. 9, figs. 41,44,45) 
as well as in the expected posterior position. In the four species studied, the 
earliest definite spindles are similar in that they fail to span completely the 
breadth of the nucleus (pi. 3, figs. 5, 6; pi. 9, figs. 41, 44; pi. 11, figs. 58, 60; 
pi. 14, figs. 91, 93). In the nucleus of 0. grandis the chromatin remains in a 
loose, granular reticulum, but in the other species it is mostly compacted into 
a somewhat rounded, dark mass which is penetrated by the spindle fibers. In 
0. notabilis and in Barroella coronaria the remainder of the nuclear space is 
filled with minute discrete granules, but in 0. megakaryosoma the small 
granules are in a delicate, fragmented reticulum. The spindle in the specimen 
of 0. notabilis (pi. 11, fig, 58) is presumably the earliest one that has been 
figured, and it evidently consists of one or two closely appressed, stain- 
resistant fibers. Cross sections of the chromatin mass at this period appear as 
rings (pi. 14, fig. 91), demonstrating the deeply internal position of the first 
fibers and explaining the difficulty in discovering earlier spindle formation. 

Slightly later a cross section through the chromatin mass appears as a 
broken ring, because the spindle moves to a peripheral position and begins to 
assume a cylindrical shape, A pair of granules, sharply outlined by a halo, 
was seen in a prophase nucleus of 0. megakaryosoma (pi. 9, fig. 46). It is not 
impossible that these granules are the centrioles that separate and spin out 
between them a slender fibril. Whether the formation of the spindle is brought 
about by the meeting, overlapping, and joining of the astral ra 3 rs as Cleveland 
(1935) described it, could not be determined, but certainly the intranuclear 
spindle is not a bar (Connell, 1930, Zeliff, 1930a) but is built up of an in¬ 
creasing number of more or less compact paralleling fibers (pi. 3, figs. 3, 4, 7; 
pi. 9, figs. 41, 45, 48; pi. 11, figs. 58, 60, 61, 65). 
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In material stained with Heidenhain’s haematoxylin those fibers which 
Cleveland (1935) stated were formed first can be best described as cablelike 
in the anaphase and telophase periods (pi. 4, figs. 12, 13; pi. 5, figs. 15, 16; 
pi. 10, figs. 51, 53, 56; pi. 11, fig. 68; pi. 12, figs. 71, 72). In order to differen¬ 
tiate this distinctive-appearing, earliest-formed part of the intranuclear 
spindle from the remainder, it will be referred to as the cablelike portion of 
the spindle. Few of Cleveland’s (1935) mitotic figures of 0. grandis show it 
and its absence is in agreement with my observations on material stained with 
Delafield’s haematoxylin. It is never difficult in specimens that have been 
stained with Heidenhain’s haematoxylin to distinguish the cablelike portion 
from the remainder of the spindle in the metaphase. During this period in 0. 
grandis (pi. 4, figs. 10, 11), the chromatin granules congregate to form an 
equatorial girdle (Zeliff, 1930a; Cross, 1941). In 0. megakaryosoma, 0. noton 
bilis, and Barroella coronaria (pi. 10, fig. 52; pi. 11, fig. 66; pi. 16, fig. 114) the 
equatorial girdle is formed by an expansion of the smaller more compact mass 
of chromatin that appeared in the prophase. Frequently, the chromatin 
granules can be distinguished in longitudinally parallel strands that are of 
the same length as the girdle. Zeliff (1930a) described this arrangement of 
the chromatin in the girdle but he also stated, “The splitting of the chromo¬ 
somes in the metaphase is apparently in a transverse direction, for the chromo¬ 
somes seem to be in the form of a continuous thread as they lie across the 
equator of the spindle.” It is difficult to understand how the latter part of 
his statement indicates transverse splitting of the chromosomes. It seems more 
probable that an entire strand from each of the paired threads passes to each 
pole. Such a movement is not apparent during their migration from the equa¬ 
tor in the early anaphase, but the reappearance of granular chains that are 
approximately equal in length to those which appeared in the metaphase girdle 
and that radiate from the poles in late anaphase and telophase, supports the 
assumption (pi. 4, fig. 13; pi. 11, figs. 68, 69; pi. 14, figs. 92, 98, 99,101). 

Occasionally, beginning in the metaphase and continuing through the ana¬ 
phase and the telophase, the cablelike portion of the spindle increases in length 
and creates (or occupies) a bulge on one side of the nucleus (pi. 4, figs. 12,13; 
pi. 10, fig. 51; pi. 12, figs, 72, 73); and in some specimens, in addition to 
lengthening, torsion of the cablelike structure is also evident. Belar (1926) 
and Wenrich (1940) have diown that there is a tendency toward torsion in 
the dividing nuclei of certain amoebae, but in them the twisting of the elongate 
nucleus is less striking because it is not accentuated by a cablelike portion of 
the intranuclear spindle as it is in Oxymonas. 

Cleveland (1934) has shown specimens of Eucomonympha, Trichonympha, 
Urmympha, and Barbulanympka in which the nuclei are asymmetrical and 
in a similar stage to that shown in Oxymonas megaharyosoma (pi. 10, fig. 51); 
but in contrast to the former species in which the extranuclear spindle spans 
the lesser curvature of the nucleus, in the oxymonad the cablelike portion of 
the intranuclear spindle outlines the greater curvature. 

Such an extreme bulging of the spindle as is shown in Oxymonas grcmdis 
(pi. 4, fig. 12) may not always take place, but similar specimens were not 
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uncommon in serial sections, and indicate that the cablelike structure may 
serve as an active agent in the division of the nncleoplasm. It is difficult to 
reconcile such figures with Cleveland’s (1934) statement in respect to Bar- 
hulanympha that the spindle serves as a “stabilizer which holds the two sym¬ 
metrical halves of the dividing cell together until... the proper distribution 
of the chromosomes has occurred and the required development of the extra- 
nuclear organelles has been carried out.” If the cablelike structure is not 
actively engaged in the division of the daughter nuclei, at least it must serve 
to direct the migration of the nucleoplasm toward the poles; and because of 
the horseshoe shape of the cableUke portion of the spindle, the resulting 
daughter nuclei would have their poles advantageously oriented for the post¬ 
telophase anterior migration. This migration often proceeds with sufficient 
swiftness that remnants of the old cablelike portion of the intranuclear spindle 
are still in existence at its completion (pi. 6, figs. 21,22; pi. 13, figs. 81,82, 84, 
85,89,90). 

It is not impossible that division of the nucleoplasm results from a sud¬ 
den straightening of the bowed, cablelike portion of the spindle. In plate 10, 
figure 53 indicates that this might take place and that the division may result 
in daughter nuclei that are very unequal in size. No other excessively long 
nuclei have been seen. Since the nuclear membrane appears very delicate, as 
though it had been stretched excessively, either the saeklike extension con¬ 
tracts into a normally rounded daughter nucleus, or the membrane ruptures 
and the nucleus disintegrates. It is also possible that the extraneous part is 
pinched off and discarded. 

Specimens in the late telophase typically appear very similar in 0. grandis, 
0. megaharyosoma, 0. notalilis, and Barroella coronaria (pi. 5, fig. 16; pi. 10, 
fig. 56; pL 12, fig. 80; pi. 14, fig. 97). The daughter nuclei are attached to 
either end of the spindle and produce a dumbbell-shaped figure. Examination 
of figure 80 in plate 12 shows that the poles and a considerable part of the 
spindle adjacent to them lie inside the nucleus. The chromatin exists in coarse 
granules that radiate in chains from the poles for about half the length of the 
nucleus, and a small space is always present between their polar ends and the 
nuclear membrane. 

The agglomeration of chromatin granules around the cablelike structure of 
the spindle, which produces the karyosome, usually begins in late telophase. 
The degeneration of the central, extranuclear region of the cablelike portion 
of the spindle progressively follows. The chromatin granules become smaller 
and begin to spread into the posterior region of the nucleus as a delicate 
reticulum (pi. 6, fig. 21; pi. 13, figs. 81, 90). Concomitant with these nuclear 
changes in the uninucleate species, the anterior post-telophase migration of 
the daughter nuclei returns them to the usual interkinetic position at the base 
of the rostellum. A comparable stage of localization in the multinucleate B, 
coronaria results from the modified anterior migration of the daughter nuclei 
(pi. 15, fig. 108). 

Longitudinal division of the body is initiated (pi. 6, fig. 20; pi. 8, fig. 87; 
pi. 10, fig. 55; pi. 13, fig. 85; pi. 15, figs. 102,105) and continues (pi. 7, fig. 31) 
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until the daughter nuclei are situated at opposite ends of the animal (pi. 7, fig. 
30; pi. 8, fig. 38; pi. 13, fig. 84; pi. 15, fig. 104). By this time a karyosome has 
been formed in almost all of the nuclei. Nuclear reorganization in the im¬ 
mature daughter animals (pi. 7, figs. 23, 24, 25, 27, 28; pi. 13, fig. 88; pi. 15, 
fig. 103) both precedes and follows cytokinesis and consists of a redistribution 
of the chromatin granules to produce the typical reticulum which surroimds 
the halo-encircled karyosome of the interphase nucleus. In 0. grandis, how¬ 
ever, a further change takes place and the karyosome disintegrates by suc¬ 
cessive divisions until an exclusively reticular condition of the granular 
chromatin is reached. 

REPRODUCTION IN THE SUBFAMILY OXYMONADINAE 

On the basis of these studies of Oxymonas grandis, 0. megakaryosoma, 0. 
notabilis, and Barroella coronaria, an outline of mitosis in the Oxymonadinae 
can be given. In the prophase, the nucleus migrates posteriorly, the axostyle 
degenerates, and, if it is present, the karyosome disintegrates. The presence of 
more than one karyosome is a consequence of successive divisions which cul¬ 
minate in its complete disintegration. The spindle originates as a few fibrils 
that are much shorter than the breadth of the nucleus. The fibrils increase in 
length and in number and the group becomes more compact to form a bulging, 
cylindrical, achromatic figure in which the first-formed fibers are distin¬ 
guished as a heavy, cablelike structure when specimens that are in, or have 
passed, the metaphase are stained with Heidenhain’s haematoxylin. Chromo¬ 
somal fibers are numerous. 

The chromatin granules are assembled in an equatorial girdle which is 
composed of parallel granular strands. New axostyles take origin where fibrils 
from the spindle poles cross the periphery of the nuclear matrix. In the ana¬ 
phase, the chromatin granules pass to the poles, their mass radiating in com¬ 
pact strands for about half the length of the nucleus. The cablelike portion 
of the intranuclear spindle occupies the greater curvature of an asymmetric 
nucleus, increases in length, and often undergoes torsion. The axostyles con¬ 
tinue their growth, differentiate into major, anterior, and recurvent portions, 
maintain their connection with the nucleus by means of the amorphous 
nuclear matrix, and develop the anlage of the holdfast. 

In the telophase, fission of the nucleus produces two daughter nuclei, widely 
separated at either end of the cablelike portion of the spindle. New blepharo- 
plasts and flagella appear. Preceding plasmotomy a post-telophase anterior 
migration of the nuclei and the axostyles occurs in uninucleate oxymonads 
and results in the localization of the daughter nuclei in the usual interkinetic 
position at the base of the rosteUum. In multinucleate genera a modification 
of this behavior results in numerous centers for localization of the daughter 
nuclei throughout the body. 

The middle region of the cablelike portion of the spindle disintegrates first. 
A karyosome is formed from chromatin granules which agglomerate along 
the old cablelike portion of the spindle. Reorganization of the remaining 
chromatin granules in the nucleus both precedes and follows cytokinesis. 
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In Oxymonas the anterior portions of the young axostyles either invade 
lengthy, preexisting rostella or produce low mounds along the anterior body 
wall. In the multinucleate genera, the young rostella appear as low mounds 
extending beyond the body at the localization centers. The existence of an 
arrowhead-shaped posterior tip on an axostyle is correlated with immaturity. 

Plasmotomy is longitudinal and may result in either motile or sessile ani¬ 
mals. Splitting of the rostellum may originate either distally or proximally. 
In sessile animals the holdfast may persist throughout division. Mitosis 
occurs in either the small motile or the large sessile oxymonads and is inde¬ 
pendent of the presence or absence of cytoplasmic spherules. 

DESCRIPTIVE AND SYSTEMATIC ACCOUNT 
Family Pyrsonymphidae Grassi 

PyrsonpnpMdae Grassi, 1892, R. C. Acead. Linoei, (5) vol. 1, 1 sem.: 36; Grassi and 
FoSl, 1911, Bend. E. Accad. Lincei, (5) vol. 20,1 sem.: 726; Boscaglioni and Comes, 
1910, BoU. Accad. Gioenia Sci. Nat. Catania, (5) vol. 3, fasc. 17, p. 2; Koidzumi, 1921, 
Parasitology, 13:278; Kirby, 1937, XJniv. Calif. Publ. Zool., 41:205. 

Dinenympbidae Grassi and Po2i, 1911, Rend. R. Accad. Lincei, (5) vol. 20, 1 sem.: 730; 
Pocbe, 1913, Arch. Protistenk., 30:152; Grassi, 1917, Mem. R. Accad. Lincei (5) 
12:334; Kirby, 1931, XJniv. Cabi. Publ. Zool., 36:210; Cleveland, 1934, Mem. Amer. 
Acad. Arts Sci., 17:303. 

Diagnosis ,—^'^Polymastigote flageUates mtb four flagella for each nucleus (although 
there are occaaionaUy eight or twelve flagella); central spindle and chromosomal fibers are 
intranuclear; achromatic figure and extranuclear organelles arise from intranuclear bodies 
which are either centrioles surrounded by centrosomes or are only centrioles ..(Cleveland, 
1934); one axostyle, which stains heavily with Heidenhain^s and delicately or not at all 
with Delafleld^s haematoxylin, is present for each daughter nucleus during the early ana¬ 
phase period but this condition does not always persist through interkinesis; parabasal 
bodies absent; family contains three subfamilies, the Pyrsonymphinae (Elirby, 1937), 
the Saccinobaculinae, and the Oxymonadinae (Cleveland, 1934). 

In 1877 Leidy reported two new genera, Pyrsonympha and Dinenympha, 
from BeticuUtermes flavipes, Grassi (1892) placed Pyrsonympha Leidy pro 
parte in synonymy with Dinenympha Leidy and defined a new family, the 
Pyrsonymphidae, to include what he considered to be Pyrsonympha (Grassi 
nec Leidy) and Holomastigotes Grassi. These flageUates in which the body 
was ^'tutto coperto di flageUi” were quite unlike the original Pyrsonympha 
Leidy unless a superficial resemblance is admitted to those Pyrsonympha 
which Leidy described as “invested with oils” (pi. 52, figs. 5-7, Leidy, 1881). 
Even then, Grassi’s choice of a name for the family seems entirely without 
justification unless it is assumed in addition that he intended to include as 
the type genus that portion of Pyrsonympha vertens Leidy which he had 
excluded from synonymy with Dmenympha Leidy and which was never re¬ 
corded elsewhere by him. In 1911, Grassi and PoS. gave the name Spirotricho- 
nympha flagellafa to the protozoan which Grassi had mistakenly identified as 
Pyrsonympha flagellata in 1892. They placed it and Holomastigotes in the 
family Lophomonadidae, which removed all of the explicitly named genera 
from the family Pyrsonymphidae and left in it only the implied type genus, 
Pyrsonympha vertens Leidy, pro parte. 
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When they defined the family Dinen 3 nnphidae in 1911 as containing one 
genus, Dinenymplia Leidy, 1877, with which Pyrsonympha Leidy, 1877, and 
Lophophora Comes, 1910, were in synonymy, Grassi and Fok neglected to 
transfer that part of Pyrsonympha Leidy which they had previously assigned 
by implication to the Pyrsonymphidae. Possibly it was again overlooked be¬ 
cause of its earlier, incomplete recording. A second genus, Pseudotrypanosoma, 
was added to the Dinenymphidae by Grassi in 1917, but it was removed to the 
Trichomonadidae by Kirby in 1931. 

Poche (1913) accepted the synonymy suggested by Grassi and Po^ (1911) 
for Pyrsonympha with Dinenympha but objected to the inclusion of Lopho¬ 
phora Comes. Koidzumi (1921) agreed to the synonymy of Lophophora 
Comes, but considered that Dinenympha and Pyrsonympha were subgenera 
and that Pyrsonympha ought to be the generic name b'jcause “the characters 
of the group are more typically and distinctly represented in Pyrsonympha 
than in Dinenympha, and the foimer name stands prior to the latter in the 
original description of Leidy (1877) He defined the family Pyrsonymphidae 
Grassi as containing one genus, Pyrsonympha, and limited it to the characters 
of that flagellate. His classification is supported in part by Porter^s (1897) 
assumption that Dinenympha might be the immature form of Pyrsonympha, 

Kirby (1928) proposed the family Oxymonadidae to contain the genera 
Oxymonas, Microrhopalodina, and Proboscidiella, and commented on the 
family’s close relationship to the Dinenymphidae. Cleveland (1934) retained 
Pyrsonympha and Dinenympha as separate genera and emended the descrip¬ 
tion of the Dinenymphidae by Grassi and PoS, (1911) to include the sub¬ 
families, Dinenymphinae, Saccinobaculinae, and Oxymonadinae. He proposed 
this grouping largely because the production of an intranuclear central 
spindle, in all of them, results in a marked similarity in mitotic phenomena ; 
and the axostyle functions in all of them as an active locomotor organelle, and 
consists structurally of closely appressed, paralleling fibrils. Earby (1928) 
reported the similarity in structure of the axostyles of Pyrsonympha, Oxy- 
monas, and Microrhopalodina, and their extraordinary behavior in staining 
heavily with Heidenhain’s and slightly or not at all with Delafield’s haema- 
toxylin. Cleveland (1934) described exactly the same staining reaction for 
the axostyle of the Saccinobaculinae, and observation has shown that the same 
peculiar characteristic is present in Barroella, the most recently reported 
genus of the oxymonads, Cleveland’s (1934) definition of the family was 
sufSciently inclusive and adequate so that only slight changes were made 
necessary by the results of this study of the Oxymonadinae; but he used the 
terms Dinenymphidae and Dinenymphinae which Koidzumi’s work (1921) 
had discredited. 

Kirby (1937) accepted Cleveland’s division but corrected the family name 
to Pyrsonymphidae and the concomitant subfamily to P 3 rrsonymphinae in a 
table where definitions and explanations were not feasible, but his reasons 
were essentially as follows. Subsequent studies have maintained the genus 
Pyrsonympha undivided as it was originally presented by Leidy (1877) and 
have not substantiated Grassi and Poa’s (1892) disposition of one part of 
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Pyrsonympha Leidy in synonymy with Dinenymplia where it was classified 
in the family Dinenymphidae (1911), and of another part which was classified 
by implication in the family Pyrsonymphidae (1892). It is obviously impos¬ 
sible that Pyrsonympha Leidy should exist in two families. A choice between 
the two groups was thus obligatory, and Pyrsonymphidae was preferred be¬ 
cause its chronological priority could not be questioned and because the 
absence of any other genera in it avoids additional confusion. 

Subfamily Oxymonadinae Kirby emend. Cleveland 

Oxymonadidae Kirby, 1928, Quart. J. Micr. Sei., 72:356; Duboscq and GrassS, 1934, Arch. 
Zool. exp. g4n. 75:635. De MeUo and De Mello, 1944, Anais de Instituto de Medicina 
Tropical, 1:227. 

Oxymonadinae Cleveland, 1934, Mem. Amer. Acad. Arts ScL, 17:304; Kirby, 1937, Univ. 
Calif. Publ. Zool., 41:205. 

Type genus,—Oxymonas Janicki. 

Diagnosis, —^Uni- or multinucleate Pyrsonymphidae, occurring in both motile and sessile 
forms in the intestine of termites of the family Kalotermitidae; xylophagous, presence or 
absence of wood particles within the body seemingly fortuitous; bodies usuaUy crowded 
with spherules ranging in color from yellow to copper; nucleus containing a karyosome, halo, 
and chromatin in a granular reticulum or in granules massed against the nuclear membrane; 
karyosome present only in immediately postmitotic nuclei in Oxymonas grandis; distin¬ 
guished from the Saccinobaculinae and the Pyrsonymphinae by nuclear migration during 
mitosis; by the presence of two groups of two flagella each, extending freely from two 
blepharoplasts more or less closely associated with the axostyle shoulder; by an attachment 
organelle, the rostellum, situated anteriorly and appearing as either a low mound or a more 
or less slender and lengthy, tubular or flattened anterior outgrowth of the body, at the apex 
of which is formed the holdfast that anchors the animal to the chitinous intima of the hosPs 
intestine; and by the presence of a less actively motile, flbrous, endoplasmic axostyle, the 
fibers of which are extended to form anterior and recurvent portions of varying lengths; 
the shape of the major portion of the axostyle resembling a slender ribbon, a stiletto, a 
pennant, or a scimitar, sometimes with the posterior portion protruding beyond the posterior 
cytoplasm; distinguished in addition to these characters from the Prysonymphinae by 
the absence of a spirally twisted body; and from the Saccinobaculinae by the presence of a 
sessile stage; possible homology existing between the short paraxostyles of the Pyrso- 
nymphinao and the Saccinobaculinae (Cleveland, 1934) and the often lengthy, recurvent 
portion of the axostyle of the Oxymonadinae, these organelles being the same in their fibrous 
nature and in their anterior position in the body; their origin not reported in Pyrso¬ 
nymphinae and Saccinobaculinae, but originating from an extension of the axostyle fibers 
in the Oxymonadinae (Cleveland, 1935): the subfamily consisting of three genera, Oxy- 
monas, Miororhopalodina, and Barroella (=Kirbyella) (Cleveland, 1934). 

Grassi and Foh. (1911) described the multinucleate oxymonad, Microrho- 
palodina enflata from Kalotermes flavicollis, and assigned it to the Calo- 
n 3 U]apliidae. Janicki (1915) reported the uninucleate animal, Oxymonas 
grannlosa, from Neotermes connextis, and commented on its evident morpho¬ 
logical and physiological relationship to Microrhopalodina^ but he was reluc¬ 
tant to place Oxymonas with the latter genus until more complete studies had 
been made. Kofoid and Swezy (1926) described a new multinucleate genus, 
Proboscidiella, from Cryptotermes nocens and emphasized the evolutionary 
significance of its relationship to Oxymonas, 

Bernstein (1928) listed Oxymonas^ Microfhopalodinay and Proioscidiella 
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among the Calonymphidae but recognized that the animal figured and de¬ 
scribed by Grassi (1917) asafiask-shapedformof thecalonymphidjjS^ep/iawo- 
wj/mp/ia sUvestrii from Cryptotermes liavilandi and Neotermes erythraeus, 
was actually an Oxymonas. This criticism was supported by ICirby (1928), 
who protested additionally that the uiiinucleated and binucleated animal 
reported in the same paper to be a form of Diplonympha foae (a calonymphid) 
from Olyptotermes parvulus also Oxymonas. Grass! (1917) maintained 
that these fiask forms were immature specimens of the Calonymphidae; but 
Kirby (1928) pointed out that although similar uninucleate, fiask-shaped ani¬ 
mals were present in Kalotermes minor and in K. huiiardi, there were no Calo¬ 
nymphidae nor any other multinucleate flagellates. Kirby (1928) objected 
to Bernstein’s taxonomic distribution and proposed the family Oxymonadidae 
because the relationship of Oxymonas, Proboscidiella, and Microrhopalodina 
was evident (Janicki, 1915; Kofoid and Swezy, 19266; Kirby, 1928), but that 
of Oxymonas to the Calonymphidae became increasingly questionable when 
the “flask forms” were invalidated (Bernstein, 1928; Kirby, 1928). 

Duboscq and Grasse (1934) accepted Kirby’s classification, agreeing that 
Oxymonas, Microrhopalodina, and Prohoscidiella belonged together and that 
the association with the Calonymphidae was inadvisable because the oxy- 
monads lacked a parabasal body and had a rostellum and a dimorphic exist¬ 
ence as motile and sessile forms, Kirby (1928) had suggested the possible 
synonymy of Prohoscidiella and Microrhopalodina. Duboscq and Grass6 ob¬ 
jected to this, but suggested instead that Kirhyella Zeliff (1930) might be 
synonymous with Prohoscidiella. Cleveland placed the latter genus in syn¬ 
onymy with Microrhopalodina and considered the position of Kirhyella 
{-Barroella) distinct but doubtful because it had been inadequately de¬ 
scribed. Elirby (1937) retained Prohoscidiella. Cleveland’s decision on Pro¬ 
hoscidiella has been accepted because Microrhopalodina is not sufficiently 
different to justify their separation. The axostyle of the latter is as long as 
the body instead of being shorter as it is in Prohoscidiella; and not all of the 
nuclei are closely associated with the shoulders of the axostyles, a condition 
which produces a less regular corona of nuclei than in the last-named animal. 
De Mello and De Mello (1944) agreed to the synonymy but violated it simul¬ 
taneously and retained Prohoscidiella. 

In immature stages, Barroella duplicates the appearance of Microrhopalo¬ 
dina; but in the mature animal the nuclei do not form a corona but are scat¬ 
tered throughout the body. In Microrhopalodina the maximum length of the 
recurvent portion of the axostyle equals the length of the body but it is often 
made up of short, slender fibrils which are not easily distinguished. In Bar¬ 
roella the recurvent portion is a conspicuous, deep-staining, fibrous cable which 
greatly exceeds the length of the animal and is much looped and contorted 
because it lies wholly inside the body. From 1 to a little more than 50 nuclei 
have been reported as occurring in one animal of Microrhopalodina. In Bar¬ 
roella, from 2 to 114 nuclei have been recorded. 

Microrhopalodina (Grassi and Fo&, 1911) was described before Oxymonas 
(Janicki, 1915), but presumably Kirby (1928) and Cleveland (1934) have 
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preferred that the latter genus should furnish the stem name for the sub¬ 
family because it is a more logical choice, Oxymonas is better knoTOi because 
it occurs more frequently. Its morphology is more representative of the basic 
construction of the oxymonads, and the relationship of the multinucleate 
genus Microrhopalodina to the uninucleate genera of the Pyrsonymphinae 
and Saccinobaculinae can be realized only by tracing it through the uni¬ 
nucleate genus, Oxymonas, 

Oxymonas Janicki 

Oxymonas Janicki, 1915, Z. wiss. Zool., 112:608 (type species, 0. granulosa ); Kofoid and 
Swezy, 1926, Univ. Calif. Publ. Zool., 28:295; Kirby, 1926, Univ. CaHf. Publ. ZooL, 
29:116; 1928, Quart. J. Micr. Scl 71:358; Bernstein, 1928, Arch. Protistenk., 61:28, 
30; ZeM, 1930, Amer. J. Hyg., 11:7U; ConneU, 1930, TJniv. Calif. Publ. Zool., 36:51; 
Cleveland, 1934, Mem. Amer. Acad. Arts Sci., 17:303; 1935, Biol. Bull., 69:54; Cross, 
1941, Univ. Calif. Publ. Zool., 43:379; De Mello and De Mello, 1944, Anais de Instituto 
de Medicina Tropical, 1:217; Nurse, 1945, Trans. Boy. Soc. New Zealand, 74:305. 

Diagnosis .—^Body form constant and symmetrical in tke smaller but irregular in tbe 
larger species; spherical to elongate ellipsoidal, top-, pear-, and spindle-shaped forms; 
length 5-240^ in the reported species; range of average lengths 8-120/^; width 4^-165/^; 
range of average widths 6—100/*; predominantly uninucleate animals, binucleate specimens 
frequent in some species, 4, 5, and 6 nuclei occurring rarely; nucleus spherical to ellipsoidal 
or pyriform, long axis paralleling the body length; granular chromatin and a karyosome sur¬ 
rounded by a halo; cablelike portion of the spindle staining heavily with Heidenhain^s 
haematoxylin and faiutly or not at all with Delafield^s stain; the number of axostyles 
usually being the same as the number of nuclei; nuclear matrix joining the nucleus to the 
shoulder of the axostyle (except in 0. notahiUs ); the shape of the axostyle resembling 
either a slender stiletto, a pennant, or a broad scimitar, with a delicately staining anterior 
prolongation terminating in the holdfast or its anlage; many species (possibly all) with a 
recurvent portion of the axostyle extending backward from the holdfast into the body; 
considerable diversity in the length of the protrusion of the posterior tip of the axostyle 
beyond the cytoplasm, this diversity often complicated by variation depending upon the 
age of the animal; posterior tip of axostyle arrowhead-shaped in young animals; axostyle 
usually encircled by siderophile ring where it emerges from the posterior cytoplasm; pellicu¬ 
lar symbionts either absent or significant for the dijSerentiation of species. 

Janicki's (1915) aecoTint of Oxymonas granulosa was followed by Kofoid 
and Swezy’s (1926a) report of three new species, 0. projector, 0. pediculosa, 
and 0. gracilis, and an emended definition of the genus: “Polymastigote flag¬ 
ellates with neuromotor system consisting of two centrosomes on the nuclear 
membrane connected by independent rhizoplasts with two lateral blepharo- 
plasts from each of which three flagella arise, connected by a transverse rhizo- 
plast in the form of a semicircle; nucleus with excentric karyosome in dear 
halo with a lateral granule in the halo; central axostyle continued anteriorly 
to apex and capable of being extended in an anterior extensile and retractile 
proboscis.” 

In 1926, Earby described Oxymonas parvula, and in 1928 he suggested that 
“rostellum” was a more descriptive term than “proboscis” for the tubular ante¬ 
rior extension of the body of Oxymonas, and reported observations made with 
darkfield illumination on the flagella of living animals of four species of uni¬ 
nucleate oxymonads. His findings differed from those of Kofoid and Swezy 
(1926a), for in every instance he found only two flagella originating from 
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each of the two laterally placed blepharoplasls. Zeliff (1930a) described 
eleven new species, 0. panamae, 0. kirhyi, 0. clevelandi, 0. Irevis, 0. snyderi, 
0. larlouri, 0. jontcli, 0. janicki, 0. ovata, 0, minor, and 0. Imblardi, and 
outlined a general scheme of mitosis for the group. He and Connell (1930) 
accepted the term “rostellum’’ that had been suggested by Kirby (1928) and 
reported that a barlike centrodesmose originated from the karyosome. In 
describing 0. dimorpha, Connell (1930) outlined a life cycle that consisted 
of a flagellated motile stage and an aflagellate, sessile period. Cleveland (1934) 
protested that the intranuclear spindle did not originate from the karyosome 
and considered that Connell’s error resulted from observations on over¬ 
stained specimens. In 1935, Cleveland prefaced his report of 0. grandis with 
a brief summary of all of the previously described species of Oxymonas, and 
emphasized the fact that in 0. grandis the central spindle could not possibly 
originate from the karyosome because the latter organelle is lacking. In de¬ 
scribing the morphology and mitosis of 0. minor (1941), I confirmed Cleve¬ 
land’s (1934) contention that the intranuclear spindle did not originate from 
the karyosome, and postulated a post-telophase anterior migration of the 
nucleus preceding cytoplasmic division. 

All other descriptions (Kirby, 1928; Zeliff, 1930a; Connell, 1930; Cleve¬ 
land, 1935; Cross, 1941) except that of Kofoid and Swezy (1926a) and Nurse 
(1945) have given two flageUa originating from each of the two blepharoplasts 
placed laterally at the base of the rosteUum, and even Janicki (1915), instead 
of describing 0. graimlosa as “devoid of all flagella” as Kofoid and Swezy 
stated, said, “Immerhin habe ich Formen mit zwei Geisseln, die in zwei Basal- 
korperchen wurzeln, beobachtet..He was reluctant, however, to commit 
himself entirely because neighboring debris on the slides offered so great an 
opportunity for error. This possibly explains his failure to show flagella in 
his illustrations, and accounts for the uncertainty whether he meant that two 
equaled the total number of flagella or that it was the number originating from 
each of the two granules. I found only one specimen of 0. granulosa that was 
satisfactory for the study of flagella but in it two flagella originated from each 
of two very large basal gi’anules, and ivom each of these blepharoplasts there 
also extended a sturdy rhizoplast toward the nuclear membrane. 

De Mello and De Mello (1944) failed to appreciate that Kirby’s (1928) 
generalized description of the blepharoplast-flagella complex for the sub¬ 
family, Oxymonadinae, corrected his earlier, dubiously made report of three 
flagella for 0. parvula. The report by Nurse (1945) of an oxymonad in which 
there were two flagella from only one blepharoplast and in which each flagella 
was associated with an undulating membrane is erroneous (see below, p. 113). 

By darkfield illumination of living animals, the flagella of Oxymonas are 
readily observable. In the attached stage the flageUa are lost or diminished, 
and it is even difficult to find satisfactory specimens of the motile form in fixed 
material. Perhaps the delicacy of structure in the flagella reflects their tran¬ 
sitory existence, for there is frequent evidence of mutilation. If a fibril passes 
across the body surface, it is impossible at times to determine certainly 
whether it is a flagellum or a fiber from the recurvent portion of the axostyle 
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passing backward in Ibe cytoplasm just below the pellicle. As a consequence 
of these difficulties, Connell (1930) andCleyeland (1934) have questioned the 
ad^dsability of stressing the flagellar complex in speciation problems. 

Because of the preponderant evidence in favor of there being two flagella 
from each blepharoplast in Oxymonas, the definition has been emended accord- 
ingly. The .. two centrosomes on the nuclear membrane...and the 

.. excentric karyosome ... with a lateral granule in the halo ..(Kofoid 
and Swezy, 1926a) have been omitted because subsequent descriptions of 
species have shown that these characters are not constant. 

Since both the table and the review of Oxymonas by De Mello and De Mello 
(1944) are heterogenous compilations from Kofoid and Swezy (1926a), 
Kirby (1926, 1928), and Zeliff (1930a), additional comment would be repe¬ 
titious. 

Both Cleveland (1935) and Kirby (1937) questioned the validity of all 
eleven species of Oxymonas which were differentiated by Zeliff (1930a) 
largely on the basis of their occurrence in different species of termites. I have 
had access to the slides in Professor Kirby’s collection with which Zeliff 
worked, and although Zeliff persistently used for diagnosis characteristics 
that are highly variable among the Oxymonadinae, I have found it possible to 
retain most of his species. 

In two instances Zeliff listed the shape of the body as “distinctive” and in 
the small forms vdth which he was working this might prove feasible because 
they are less prone to variation in this respect than the larger oxymonads. In 
four species the nuclei were reported as “characteristic,” a description that 
requires additional explanation if it is to be of value for later studies. He quite 
overlooked the fact that when an organelle for attachment is tom from its 
anchorage its “tip” may be damaged and consequently made unfit to serve as 
a diagnostic character. Although Kofoid and Swezy (1926) had described the 
rostellum as an organelle of extreme mobility that could be thrust out and 
retracted voluntarily, Zeliff used the length of the rostellum as a means of 
differentiating species. My observations on living animals do not support 
Kofoid and Swezy’s idea of mobility, but the extreme variability in the 
length of the rostellum within a species is certainly made apparent by com¬ 
parison of the following sketches: plate 3, figures 2, 6, 8; plate 7, figure 26; 
plate 9, figures 43, 44; plate 11, figures 59, 62, 64; plate 12, figures 74, 76,77, 
78, 79; plate 13, figures 83, 87; plate 14, figures 91, 92; plate 15, figures 103, 
109. 

In five instances Zeliff cited “distinctive size.” The extreme variability in 
size of which these animals are capable, is demonstrated by the giants and 
dwarfs in plate 7, figures 26 and 30; plate 8, figures 87 and 38; and plate 15, 
figures 103 and 108. Examination of Zeliff’s table of measurements will show 
how easily overlapping of species could occur with a very slight expansion of 
his averages. He rarely stated what the range in size was, and this would have 
been useful in showing how much “overlap” existed. However, in most in¬ 
stances, random remeasurements have established the acceptability of his 
averages. 
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Because small Oxymonas are usually sparsely distributed in smears, their 
measurement is a time-consuming matter. This, together with the fact that the 
expected variability in size makes it an unsatisfactory criterion for speciation, 
persuaded me that random measures of ten specimens would serve my purpose. 
I have undertaken new measurements of Zeliff’s species only when my random 
measures have been markedly different. 

Reference should be made to page 68 for an explanation of the importance 
of the ratios K/N and H/K in the determination of species; and to pages 
92-93 for the outline of the peculiar pattern of mitosis found in the Oxy- 
monadinae because it is essential that only interkinetic nuclei be used in a 
speciation problem. For example, unless the immaturity of the late reorganiza¬ 
tion stage of Oxymonas grandis is recognized, it might be mistaken for a 
separate species because of the presence of a karyosome. Nuclei that are sit¬ 
uated posteriorly in the body cannot be considered typical; but the converse 
does not hold, for both prophase nuclei (pi. 9, fig. 44) and late reorgani¬ 
zation nuclei (pi. 7, fig. 23; pi. 13, fig. 88) may occur in the customary inter¬ 
kinetic position of the nucleus at the base of the rostellum. 

KEY TO THE SPECIES OP OXYMONAS 

1. Azostyle broad, resembling a scimitar in shape. 2 

Axostyle slender, resembling a stilotto in form. 3 

Axostyle pennant-shaped, with shoulder retracted into body and xecnrvent portion 

deeply stained.0. notdbilis 

2. Karyosome absent in nucleus during interkinetic period, range in length 41-241/x 

0. grandis 

Karyosome usually ovoid and large in proportion to the size of the nucleus, length 
25-200/1. 0. megaharyosoma 

3. Position of karyosome central or slightly excentric, chromatin granules massed 

against the nuclear membrane. 4 

Position of karyosome central or slightly excentric, chromatin in granular reticulum 6 

Position of karyosome definitely excentric, chromatin in granular reticulum. 8 

Karyosome minute, chromatin in fine granules distributed throughout the nucleus, 
body ovoid, range in length 5-13/t; halo usually absent.0. parvula 

4. Karyosome oval, body ovoid, axostyle projecting slightly beyond the posterior cyto¬ 

plasm, K/N as 1/2, H/K = 1/2.0. ovata 

Karyosome round, infrequently oval, body spindle to top-shaped. 5 

6. ELaryosome usually round, axostyle projecting moderately beyond posterior cyto¬ 
plasm, K/N = 1/5, H/K 5= 1/-1.0. Irevis 

6. Body elongate, slender top-shaped, axostyle projecting moderately beyond posterior 

cytoplasm, K/N = 1/3, H/K = 1/1 to 1/2.0. jouteU 

Body subspheroidal to ellipsoidal with pointed posterior, axostyle projecting 
slightly beyond the posterior cytoplasm, K/N =5 1/4, H/K = 1/1, matrix sleeve 

production frequent.0. projector 

Body broadly ovoidal, axostyle projecting slightly beyond posterior cytoplasm.... 7 

7. Karyosome oval, length of body 7-28/t; K/N = 2/5, H/K = 1/2.0. harlouri 

Karyosome round, length of body 27-40/t, K/N = 1/3, H/K =s 1/3 to 2/3... 0. pedimtlosa 

8. Body top- or spindle-shaped with pointed posterior ends. 9 

Body spheroidal to ellipsoidal, occasional spindle forms, but posterior end not 

pointed. 11 

9. Body top-shaped, heads of axostyles ‘Taeaded”. 10 

Body plump spindle-shaped, width % of length, axostyle projects slightly beyond 

posterior cytoplasm, K/N = 1/4, H/K = 1/1 to 5/2. 0. rotunda 
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Body spindle-shaped, axostyle projecting much beyond the posterior cytoplasm, 
K/N = 1/3, H/K = 1/2 to 2/3...0, caudafa 

10. Axostyle projecting slightly beyond posterior cytoplasm, K/N = 1/3, H/K = 4/5 to 

2/1 because of halo’s asymmetry, pellicular symbionts consisting of short, plump 

rods. . clevelandi 

More slender, axostyle projecting moderately beyond the posterior cytoplasm and 
broadened from its midpoint anteriorly, K/N = 1/3, H/K = 1/2, pellicular symbi¬ 
onts consisting of long spirochaetes and long, curved rods.0. hubbardi 

11. Body ovoidal, expanded posteriorly, length 7—IB^tt, axostyle projecting moderately 

beyond posterior cytoplasm, K/N = 1/4, H/K = 1/1.0. snyderi 

Body ovoidal, length 8—25/a, axostyle projecting very slightly beyond posterior 

cytoplasm, K/N = 1/5, H/K = 1/1.0. gracilis 

Body ovoidal, length 13-48/a, axostyle projecting slightly beyond posterior cyto¬ 
plasm, K/H = 2/5, H/K = 1/3, matrix sleeves frequent. 0, Mrbyi 

Body ovoidal, sometimes pyriform, length 8-40/a, axostyles frequently shorter than 
body, K/N = 1/3, H/K = 1/1, pellicular symbionts consisting of cocci found in¬ 
frequently . 0, di-undulata 

Body ovoidal, sometimes spindle-shaped, length 5-30/a, K/N = 1/3 to 1/4, H/K = 

1/1 to 2/3. 12 

12. Body spheroidal to ovoidal, nucleus broadly ovoidal, membrane heavy, axostyle Tvith 

a sharp curve across the nucleus, blepharoplasts extraordinarily large... 0. granulosa 
Body spherical to ellipsoidal, sometimes spindle forms but with posterior not pointed, 
nucleus spherical to pyriform, matrix sleeves not infrequent. 0, minor 

Ozymonas granulosa Janicki 

Oxymonas granulosa Janicki, 1915, Z. wiss. Zool., 112:608, pis. 13-18. 

Type host.—Neotermes connexus Snyder. Hawaii. (Incoirectly named N. oastaneus 
Burmeister by Janicki.) 

T-305. (Xenosyntype slide TP-199:13.) 

T-306, (Xenosyntype slide TP-208:4.) 

Diagnosis .—^Body spherical to ovoid; (T-305) length 7.9(5.3-13.3)/i; width 4.7(4.0- 
8.8)/a; (T-306) length 21.0(17.2-30.0) /a; width 12.2(9.1-13.6)/a (Cross); length 23/a 
(Janicki); nucleus broadly ovoid, averaging (T-305) 2.9x 2.5/a; (T-306) 4.3x4.0/a 
(Cross) ; well-defined membrane, finely granular reticulum of chromatin; karyosome round, 
surrounded by halo, excentric posteriorly; K/N = %; H/K = l/-1; blepharoplasts ex¬ 
traordinarily large; axostyle slender, with a pronounced curvature around the nucleus just 
below the shoulder, projecting posteriorly a moderate distance beyond the cytoplasm; no 
pellicular symbionts. 

I measured 10 specimens from each of two slides. Slide TP-199:13 con¬ 
tained much smaller animals than Janicki reported, but slide TP-208:4 
furnished specimens the average length of which approximated that reported 
by him if it is presumed that his measurement did not include the rostellum. 
These results do not support his statement that Oxymonas “variiert wenig in 
der Grosse” but show that 0. granulosa also conforms to the wide range in 
size found in subsequently described species. The specific name was chosen 
because Janicki considered that the cytoplasmic spherules were the most strik¬ 
ing characteristic of the species. He believed that the “Kugeln” were metabolic 
products derived from the wood particles which were ingested through the 
surface of the body. His description of the axostyle, blepharoplasts, and 
nucleus is fairly satisfactory, and his figures of them are acceptable as 
diagrammatic representations. His discussion of the flagella was not ade¬ 
quate, as he himself complained, but his description of the attachment of 
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Oxymonas to the gut lining of the host “mit Hilfe ihres spitz ausgezogenen 
Vorderencles’^ tells as much as can be learned from observation of the smaller 
oxymonads. 

In the nucleus Janicki stressed the presence in the halo of a spherical or 
diploid body which he called the “entosome” and which he suspected of pro¬ 
ducing the spindle. He concluded, however, that the karyosome was a more 
logical source of the spindle because its staining reactions were more similar. 
His entosomes were probably somewhat isolated granules of chromatin which 
have been reported (Zeliff, 1930; Cross, 1941) as occurring during the pro¬ 
phase in double strands. More recent work did not confirm his supposition 
4.1.«4.4.1.«i-aryosome might be the source of the spindle (Cleveland, 1934,1935; 
Cross, 1941); nor that the old spindle became the axostyles (ZelhSf, 1930; 
Connell, 1930; Cleveland, 1935; Cross, 1941). Undoubtedly the granules that 
he called extranuclear centrioles are the axostyle anlagen, and there is no 
longer any question but that spindle formation is intranuclear. His query in 
respect to the homology of the axostyle of Oxymonas with that of DmenympJia 
Leidy was answered in the affii*mative by Kirby (1928) and Cleveland (1934). 

Janicki’s description and figures of a ^'transparenten Plasmaportion” which 
invariably capped the poles of the dividing nucleus during telophase and 
persisted for some time thereafter in a less readily recognizable state, repre¬ 
sent, evidently, one aspect of the cyclically polymorphous component which 
was called the ‘^clear area” by Connell (1930), a “halo surrounding the 
nucleus” by Cleveland (1934), and which I now term “nuclear matrix.” 
Janicki did not detect the presence of nuclear migration during mitosis, but 
even though his mitotic series was incomplete, he recognized that the pattern 
of reproduction in Oxymonas was sharply dissimilar from that of other 
flagellates. 

Oxymonas projector Kofoid and Swezy 
Oxymonas projector Kof oid and Swezy, 1926, TJniv. Calif. Pnbl. Zool., 28:287, pi, 30, jigs. 

A, B, 0. 

Type host.—Kalotermes perparvus Emerson. Kartabo, British Guiana. 

Diagnosis .—^Body subspheroidal to subellipsoidal and pointed posteriorly; length 12-40/t; 
nucleus spherical, chromatin in coarsely granular reticulum; karyosome round, surrounded 
by halo, more or less centrally situated; K/N = 1/4; H/K = 1/1; two lateral blopharoplasts 
at shoulder of axostyle, joined by a semicircular fibril, each with a rhizoplast extending to 
the nuclear membrane; axostyle slender, projecting slightly beyond the posterior cytoplasm; 
matrix sleeve not uncommon; no cytoplasmic spherules; no pellicular symbionts reported. 

The diagnosis is based on Kof oid and Swezy’s description, but they over¬ 
emphasized the importance of the neuromotor system, believing it manipu¬ 
lated the extension and retraction of the “proboscis.” The “retractor fibers” 
reported by them belong undoubtedly to the recurvent portion of the axostyle, 
and morphologically their axostyle sleeve is comparable to the “sleeve” pro¬ 
duced by the nuclear matrix. Observations on other Oxymonas have not 
supported their statement that the sleeve vanishes when the rostellum is ex¬ 
tended. In general, immature forms have no rostella and the matrix sleeve 
appears more commonly in young animals. There were no studies of mitosis, 
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but plate 30, figure 5 (Kofoid and STreiy, 1926) might very easily be an 
illustration of the nucleus of a very young oxymonad rather than an optical 
cross section of the sleeve. A discussion of their report that three flagella 
originate from each of the t^o blepharoplasts has been given on page 98. 

Oxymonas pediculosa Kofoid and Swezy 

Ocsymonas pediculosa Kofoid and Swezy, 1926^ TJniv. Calif. Publ. Zool., 28:296, pi. 30, fig. 11. 
Oxymonas panamae Zeliff, 1930, partim, Amer. J. Hyg. 11:726, pis. 1,2,4. 

Type host,—Kalotermes nigriceps Emerson. Kartabo, British Guiana, 

Additional host,—Bugitermes panamae Snyder. Panama. 

T-191. Barro Colorado. (Homosyntype slide TP-111:20.) 

Diagnosis, —Body broadly ovoidal; length 34(27-40);i; width 21(15-25 )/e 4 (Kofoid 
and Swozy); nucleus spherical, diameter 7/* (Cross), chromatin in granular reticulum; 
karyosome round, surrounded by a halo, slightly excentric; K/N = 1/3; H/K = 1/3 to 2/3; 
asostyle slender, projecting very slightly beyond the posterior cytoplasm; body covered 
densely with spirochaetes about 5/* long (Cross), with shorter, broad, curved rods attached 
by one end, and with small flagellates interspersed occasionaUy among these. 

The diagnosis is based on Kofoid and Swezy’s description. My comments 
on their overemphasis of the neuromotor system in Oxymonas projector 
(above, p. 102) are equally applicable to this species, and reference is again 
made to page 98 for a discussion of their report that three flagella originate 
from each blepharoplast. 

Zeliff commented on the similarity of 0. panamae to 0, pediculosa but he 
stressed the difference which he found in their size. Zdiff’s average for 0. 
panamae was 18 x 26/jt. Because my random measurements are in agreement 
with those of Kofoid and Swezy, and because their description conformed to 
my observations in all other respects excepting the number of flagella, there 
seems insufficient reason for maintaining two species. Moreover, there is the 
possibility of inaccuracy in the flagellar number as reported by Kofoid and 
Swezy, for they stated that the dense covering of bacteria made all morpho¬ 
logical studies difficult and that specimens occurred infrequently in the 
smears. My experience with the species from B, panamae paralleled theirs. 
Zeliff, however, found flagella that ranged in length from 50 to 70jx. Kofoid 
and Swezy made no studies of mitosis. Zeliff illustrated numerous mitotic 
stages and stated that there “appear to be about seventeen chromosomes.” Pre¬ 
sumably much of his summary of mitosis in the genus is based on this species. 

Oxymonas gracilis Kofoid and Swezy 

Oxymonas gracilis Kofoid and Swezy, 1926, TJniv. Cfalif. PnbL ZoSl., 28:297, pi. 30, figs. 

9-10. 

Type host.—Kalotermes magninotus Emerson. Kartabo, British Guiana. 

Diagnosis. —^Body ovoidal to ellipsoidal; length 15(8—25)^; width 8.5(4r-15)jti (Kofoid 
and Swezy); nucleus spherical to ovoidal; chromatin in granular reticulum; karyosome 
round, surrounded by halo, excentric posteriorly; K/N = 1/5; H/K = 1/1; axostyle slender 
and projecting very slightly beyond the posterior cytoplasm; no pellicular symbionts 
reported. 

The diagnosis is based on Kofoid and Swezy’s description. My discussion 
of their overemphasis of the neuromotor system in Oxymonas projector 
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(above, p. 102) is also applicable to this species, and reference is made to page 
98 for comments on their report that three flagella originate from each 
blepharoplast. In Kofoid and Swezy’s six illustrations of 0. gracilis^ the 
presence of an arrowhead-shaped tip on the only axostyle that protruded 
noticeably beyond the posterior cytoplasm implied that the animal was im¬ 
mature and consequently disqualified to serve as a type specimen. Only three 
slides were available for the study of this species, but Oxymonas gracilis was 
“relatively more abundant” than either 0. projector or 0. pediculosa. 

Oxymonas parvnla Kirby 

Oxymonas parvula Kirby, 1926, Univ. Calif. Publ. Zool., 29:116, pi. 9, figs. 21-23. 

Type host,—Cryptoiermes Tiermsi Kirby. Panning Island. 

T-9. (Zenosyntype slide TP-1:1.) 

Diagnosis ,—^Body slender, ovoid, posteriorly truncate, rounded or pointed; length 6-ldn 
(Kirby); nucleus round, chromatin finely granular and distributed throughout the nucleus; 
karyosome minute, halo much diminished or lacking; K/N = 1/8; axostyle slender, project¬ 
ing slightly beyond the posterior cytoplasm; pellicular S3nDabionts consisting of a posterior 
fringe of spirochaetes. 

The diagnosis is based on Kirby’s sketches and descriptions, and is confirmed 
by my own observations. By inference, Kirby (1928) corrected his earlier, 
dubiously reported account of the presence of three flagella with each of the 
two blepharoplasts when he stated, “In features other than the flagella, the 
uninucleate oxymonads which the writer has observed resemble those de¬ 
scribed by Kofoid and Swezy.” 0, parvula is smaller than any of the other 
species except the small forms of 0. granulosa from which they are readily 
distinguished by their more slender body, by their very small karyosome, and 
by the absence or extreme diminution of the halo. 

Oxymonas caudata sp. nov. 

Oxymonas panamae Zeliff, 1930, partim, Amer. J. Hyg., 11:726. 

Type host,—Kaiotermes pereei Holmgren. Costa Rica. 

T-263. Cartago. (Syntype slide TP-222:36.) 

Diagnosis ,—Body broadly spindle-shaped, posteriorly elongate and pointed; length 
17.8 (10.0-20,8);[i; width 11.8 (7.0-14.6)(Cross) ; nucleus spherical to pyriform, approxi¬ 
mate diameter 4.6(3.7-7.0)^ (Cross); chronoiatin in coarsely granular reticulum; karyo¬ 
some round, surrounded by halo, excentric posteriorly; K/N = 1/2, sometimes 1/3; H/K = 
1/2 to 2/8, because the halo encircles the karyosome asymmetrically; axostyle slender, 
broadened slightly at the shoulder and tapering sharply as it curves across the nucleus; 
protruding about 5/* beyond the posterior cytoplasm, but appearing longer because of the 
pointed posterior extension of the body; tapering sharply to a point after leaving the cyto¬ 
plasm; cytoplasmic spherules very small; pellicular symbionts consisting of a dense coat 
of spirochaetes about 9/i in length. 

Zeliff’s average measurements for the species exceeded those of the largest 
specimens that I found; and, contrary to his report, the animals occurred 
abundantly. However, the separation of the Oxymonas found in Kalotermes 
perezi from the Oxymonas in Bugitermes panamae was not made on the basis 
of size alone. Among the oxymonads, the protrusion of the axostyle usually 
indicates immaturity, but did not do so in this instance. Instead, it is the most 
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distinctive eliaracteristic of tlie species and occurs invariably. Tbe broadening 
of the axostyle below the shoulder in 0. caudata, the larger ratio of E/N, and 
the posterior position of the karyosome were additional well-defined differ¬ 
ences. The pellicular spirochaetes are almost twice as long as in 0. pediculosa^ 
and the thick curved rods and small flagellates are lacking. The recurvent 
portion of the axostyle was identified in one specimen. In view of Zeliff’s state¬ 
ment that this animal is scarce, it is unlikely that his report on the chromo¬ 
some number of 0. panamae referred to 0. caudata, 

Oxymonas kirbyi Zeliff 

Ocsymonas Tcirl)yi Zeliff, 1930, Ainer. J. Hyg., 11:727. 

Oxymonas janicTci Zeliff, 1930, Amer. J. Hyg., 11:729. 

Type host,—Bugitermes Tcirhyi Snyder. Costa Eica. 

T-135. Cartage. (Xenosyntype slide TP-76:19.) 

Diagnosis, —^Body broadly ovate,* length 29.3(13-48width 13.2(8.3-21.6)^ (Cross) ; 
nudens ovoid, 7 x 5.5 /a (Zeliff ); chromatin in granular reticulum; karyosome round, sur¬ 
rounded by a halo, posteriorly excentric; K/N = 2/5; H/K = l/2; axostyle slender and 
projecting very slightly beyond the posterior boundary of the body; recurvent portion of 
the axostyle frequently found; matrix sleeves common; pellicular symbionts consisting of 
rods, usually attached by end, about 1.3/a long, and slender spirochaetes about 4/a long. 

Zeliff (1930) described 0. janicki as a second species solely because its 
measurements were smaller. Intermediates in size were readily found in my 
examination of the material, and a consideration of less variable characteris¬ 
tics established its identity with 0. kirbyi which has page priority in Zdiff’s 
account. The appearance of the nucleus and the tendency to produce matrix 
sleeves was the same in both. Although 0. kirbyi is comparatively small, the 
recurvent part of the axostyle could frequently be discovered in both the large 
and the small forms. The latter characteristic distinguished it from all other 
Oxymonas in the group that have slender axostyles, and that feature in com¬ 
pany with the tendency toward the production of matrix sleeves is particularly 
striking in animals that have been fixed with osmic vapor. With that fibsative 
two large blepharoplasts could readily be seen lying in the position usual with 
Oxymonas at the base of the rostellum and in close association with the shoul¬ 
der of the axostyle. Each consisted of two large spherical granules of which 
the more distal in each gave origin to two flagella. Other fixatives gave far less 
satisfactory defiboition of the blepharoplast-flagella complex. 

The nuclear matrix is often readily distmguished. The nuclear membrane is 
well defined and the chromatin is in coarse granules evenly distributed in a 
fine-meshed reticulum. Zeliff reported mitosis in this species and commented 
upon the large size of the nucleus relative to the size of the body. 

Oxymonas Cleveland! Zeliff 
Oxymonas clevelandi Zeliff, 1930, Amer. J. Hyg., 11:228.. 

Type host,—Kalotermes clevelandi Snyder. Panama. 

T-235. Barro Colorado. (Xenosyntype slide TP-147:2.) 

Additional host,—Kalotermes tahogae Snyder. Panama. 

T-227. Taboga Island. (Homosyntype slide TP-136:41.) 
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Diagnosis ,—Bodj slender top-shaped; length 17(14-20)/*; 'width 8(7-10)/* (Zeliff)j 
nucleus spherical to pyriform, 3x4/* (Zeliff); chromatin in coarse, granular reticulum; 
karyosome round, surrounded by halo, excentric posteriorly; K/N = 1/3; H/K = 4/5 to 2/1 
because the halo encircles the karyo&ome asymmetrically; axostyle slender, projecting 
slightly beyond the posterior cytoplasm; head of axostyle appears ‘^beaded”; pellicular 
symbionts consisting of very short, plump rods. 

Zeliff^s measurements were computed from 75 animals from Kalotermes 
clevelandi. The average length for 25 specimens from K, tahogae exceeded that 
of specimens from K. clevelandi by S/a, a difference which Zeliflf considered 
slight enough to justify the acceptance of measurements from K. clevelandi 
as typical of the species. Although he did not report them, there are reasons in 
addition to their similarity in size for placmg the Oxymonas from E, cleve- 
landi and from K, tahogae in the same species. In both, the posterior part of 
the nucleus appears bulbous and clear because a large volume is occupied by 
the halo substance. Anteriorly from the karyosome the halo is narrow, but 
laterally and posteriorly it is widened. Sometimes during the prophase or the 
reorganization following mitosis, the nuclei of other species appear to be 
similar, but the characteristic is coupled with degenerating or regenerating 
axostyles and is not persistent as it is in 0. clevelandi. Only 0, hulhardi also 
has the “beaded” axostyle head which results from the occurrence of a short 
chain of large cocci just below the shoulder of the axostyle and parallel to its 
length. This localization is quite as definitely and narrowly limited as the 
spirochaetes reported as symbionts of 0. grandis (Kirby, 1941). The charac¬ 
teristics which differentiate 0. clevelandi from 0. hublardi are discussed with 
the latter species (below, p. 110). The blepharoplasts were reported by Zeliff 
as spherical. Kirby (1928) published sketches made from darkfield illumina¬ 
tion of living specimens from K. tahogae which showed that two flagella, about 
twice the length of the body, originate from each blepharoplast. In one instance 
the recurvent part of the axostyle was unmistakably present. It probably 
occurs in all specimens, but in small oxymonads is not readily distinguished 
because of its delicacy. 


Oxymonas brevis Zeliff 

Oicymonas Irevis Zeliff, 1930, Amer. J, Hyg., 11:728. 

Type host,—Cryptotermes hrevis Walker. Puerto Eico; Peru. 

T-4600. Lima. (Xeuosyntype slide TP-3283:3.) 

Diagnosis ,—^Body sometimes spindle- but usually top-diaped; length. 13 (Zeliff) (6,7 
[Oross]-19[Zeliff])/*; -width 6/* (Zeliff); nucleus round, rarely elongate, diameter 3/t 
(Zeliff, Cross); chromatin massed heavily against nuclear membrane; karyosome round, 
but occasionaUy oval, more or less centraUy situated; diameter of karyosome 0.6/*, sur¬ 
rounded by halo; mdth of halo 0.7/* (Cross); K/N*«1/5; H/K = l/-1; axostyle lender 
and projecting a moderate distance beyond the posterior boundary of the body; no pel¬ 
licular symbionts. 

The nucleus resembles a very young nucleus of Oxymonas minor but the 
body of the latter during immaturity is broadly ovoidal or spherical and quite 
unlike the slender top or spindle forms of 0. hrevis. The size approaches that 
of 0. parvula, but the massing of the chromatin against the nuclear membrane 



Cross: The Flagellate Suifamily Oxymonadinae 107 

and the distinct halo around the karyosome in the former species, as well as 
the contrasting shapes of the bodies, establish their differentiation. 

Eemeasurements of the karyosome and the width of the halo were made in 
10 specimens because Zeliff’s report of 0.25ft for the breadth of the karyosome 
seemed questionable. His statement that the karyosome was small must be 
admitted, but in relation to the size of the nucleus it is not extraordinarily so, 
for the ratio of K/N is 1/5. The ratios for K/N and H/K are identical with 
those for 0. gracilis^ from which 0. brevis is again differentiated by the mass¬ 
ing of the chromatin against the nuclear membrane and by its slender top¬ 
shaped body. 

Oxymonas synderi Zeliff 

Oscymonas snyderi Zeliff, 1930, Amer. J. Hyg., 11:728. 

Type host. — Cryptotermes hreviarticulaius Snyder. Panama. 

T-230. Taboga Island. (Zenosyntype slide TP-141:11.) 

Diagnosis. —^Body ovoidal, expanded posteriorly; lengtli 12.5(7-16)width. 7.9(4.7- 
9.3)/i (Cross) ; nucleus ovoid, lengtli 4.5(3.2-7.3)jtt; width 3.2(2.7-4)^ (Cross); chromatin 
in granular reticulum; karyosome round, diameter 0.8 /a (Cross), surrounded by a halo, 
width of halo 0.8jtt (Cross), excentric posteriorly; K/N = 1/4; H/K = 1/1; axostyle slender, 
projecting moderately beyond the posterior boundary of the body; pellicular symbionts 
consisting of numerous slender spirochaetes, 3-7/4 in length, 

I did not find, as Zeliff did, that the size was uniform in this species and my 
averages were consistently greater as a consequence of my inclusion of larger 
animals. I did not find that the nucleus was round (Zeliff’s sketches show them 
ovoid) except in a few specimens in which other characteristics also implied 
their immaturity. Zeliff commented on the similarity of Oxymonas snyderi to 
0. brevis and separated them into two species with the insufiScient explanation 
that the .. karyosome is slightly more prominent than in 0. brevis ... The 
rostellum is longer... and the tip is pointed.” 0. snyderi has a pyriform body, 
the nucleus is ovoid, with the karyosome situated posteriorly, and the ratio of 
K/N = 1/4, which are all in contrast to 0. brevis with its spindle- or top-shaped 
body, its round nucleus with the kary^osome in a nearly central position, and 
its ratio of K/N equaling 1/5. The last-named species has no pellicular symbi¬ 
onts, but 0. snyderi is covered with long spirochaetes. Eemeasurements of the 
karyosome and of the width of the halo were made in 10 specimens because 
Zeliff’s report of 0.33ft for the breadth of the karyosome seemed questionable. 
The blepharoplasts were described by him as spherical. Mitotic figures were 
reported as having been seen, but the two sketches are too small to illustrate 
more than the posterior position usually assumed by the dividing nucleus. 

Oxymonas barbonri Zeliff 

Oxymonas harhowri Zeliff, 1930, Amer. J. Hyg., 11:729. 

Type host.—Glyptotermes harbouri Banks. Panama. 

T-127. Barro Colorado. (Zenosyntype slide TP-65:6.) 

Diagnosis. —^Body broadly ovoidal in both large and small animals; ronnded posteriorly, 
but with a short, sharp extension where the axostyle emerges from the cytoplasm; length 
16.1 (6.7-27.8)/t; width 11.0(4.7-14)/* (Cross); nucleus usually round, occasionally ovoid; 
diameter 4/t (Zeliff, Cross); chromatin in granular reticulum; karyosome usually oval, 
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sometimes roughly triangular, sometimes round, sometimes with the long axis parallel to 
the long axis of the body, sometimes with it perpendicular, surrounded by a halo, position 
slightly exeentric; K(length)/N (width) = 2/5; H/K (length) = 1/2; axostyle slender, not 
tapering posteriorly, broadened slightly as it crosses the nucleus, projecting slightly beyond 
the posterior cytoplasm; pellicular symbionts consisting of spirochaetes about 6/* in length 
and distributed more densely over the posterior third of the body. 

My observations confirmed Zeliff’s statement of the scarcity of specimens of 
0. barbouri, but his report of the uniformity of size in the species is true only 
if the measurements are confined to one slide. When several slides were in¬ 
vestigated, the results showed that within the host species the range in size 
was wide; and that the limited range within the individual host implied that 
the cyclical development of 0. barbouri was highly synchronized. Zeliff 
reported that the blepharoplasts were spherical, but he failed to notice that 
the karyosome was oval. The latter characteristic and the generous width of 
the body in proportion to its length are the most outstanding features of the 
species. Except for one specimen, the pellicular symbionts were too pale to 
permit satisfactory studies; but the accumulation of evidence justifies the 
assumption that the pellicular symbionts portrayed with the well-stained 
animal is typical for the species. 

Ox 3 mionas jouteli Zeliff 

Oxymonaa jouteli Zeliff, 1930, Amer. J. Hyg., 11:729. 

Type host,—Kalotermes jouteli Banks. Florida; Mexico. 

T-4614. Englewood. (Xenosyntype slide TP-3294:10.) 

Diagnosis. —^Body usually elongate top-shaped, tapering to a point posteriorly; length 
20.9 (13.3-30.7)jx; width 8.5(5.3-18.0)/x (Cross) ; nucleus ovoid, 4x5/4 (Cross) ; chromatin 
in coarsely granular reticulum; karyosome round, surrounded by halo, usually slightly 
excentric, sometimes posteriorly excentric; K/N = l/3; H/K varies from 1/1 to 1/2; axo¬ 
style slender, projecting moderately beyond the posterior cytoplasm; no pellicular symbionts. 

Contrary to Zeliff’s report, a large number of specimens were present in the 
smears, rostella were seen in a number of animals, the size range was wide, and 
the average sizes proved to be smaller for the body and larger for the nucleus. 
In general, the rostella were about equal to the length of the body, but in one 
instance the length was 46.7ja. The numerous small forms, unlilce the rotund 
immature animals of other oxymonads, were relatively more slender and main¬ 
tained their elongate top shape more consistently than the larger specimens 
did. The relations of the karyosome in the nuclear structure were difficult to 
evaluate unless it was presumed that the variation in size and position found 
in the small specimens was not typical but was indicative of their immaturity. 
Curiously, the usually stable ratios K/N and H/E have proved to be less so in 
Oxymonas jouteli, and the customary variability among the oxymonads in the 
shape of the body was absent in the smaller specimens and much diminished 
in the larger forms of this species. 

Oxymonas ovata Zeliff 
Oxymonas ovata Zeliff, 1930, Amer. JT, Hyg., 11:730. 

Type host,—Caloaritermes hrevicoUis Banks. Panama. 

T-233. Bairo Colorado. (Xenosyntype slide TP-144:8.) 
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Diagnosis, —^Body ovoid; length 11.9(5.E~16.6)/i; -width 6.7(4.0-8.7);t (Cross); average 
15.5 X19/1 (Zeliff); nuelens round; diameter 4/t; chromatin granules massed closely against 
nuclear membrane; karyosome ovoid, centrally situated; surrounded by a halo; K/N = 1/2; 
H/K = l/2; axostyle slender, projeetiug very slightly beyond posterior cytoplasm; pel¬ 
licular symbionts consisting of a sprinkling of large diplococci* 

My observations support the suitability of ZeM’s choice of ovafa as the 
species name for the oxymonad from Calcaritermes brevicoUis, but they do 
not sanction his placing the Oxymonas from C, emarginicollis in the same 
species. My specimens in three smears from C, brevicollis were much smaller 
than those described by ZelifE. The massing of the chromatin against the 
nuclear membrane, and the large, oval, centrally situated karyosome are 
characteristics associated with immaturity in most of the oxymonads; but in 
0. ovata this arrangement of the nuclear components appeared consistently. 
In the nuclei of the oxymonad from C. emarginicollis^ however, the chromatin 
occurred in a granular reticulum and the karyosome was only about one- 
fourth as wide as the nucleus. No nuclei of this description were seen in either 
smears or sections from C. brevicollis. In both flagellates the body is broad in 
proportion to its length, but in 0, rotunda it is widest near its midpoint and 
tapers both posteriorly and anteriorly to produce a plump spindle shape. In 
0. ovata the breadth is maintained as a wide girdle through the central region, 
beyond which the body is bluntly rounded off at the anterior and posterior 
ends to produce an ovoid form. Occasionally, a plump, spindle-shaped animal 
occurs in 0. ovata, but the nuclei of the two species are sufficiently different to 
avert confusion. Unlike Zeliff’s experience, specimens of 0. ovata were found 
abundantly in smears. The nucleus of 0. ovata resembles that of 0. barbouri 
in having an oval karyosome, but differs in having the chromatin granules 
massed against the nuclear membrane rather than disposed in a granular 
reticulum. 

Oxymonas rotunda sp. nov. 

Oxymonas ovata Zeliff, 1930, partim, Amer. J. Hyg., 11:730. 

Tyge host,—Calcaritermes emarginicollis Banks. Costa Bica. 

T-171. EstreUa. (Syntype slide TP-106:18.) 

Diagnosis. —^Body plump spiudle-sbaped; length 18.5(10.7-27)/t; width 12.5(6-15.5)^ 
(Cross); average (Zeliflf) 15.5xl9/£; nucleus spherical to ovoid, 4.6x3.3/* (Cross); 
chromatin in coarsely granular reticulum; karyosome round, excentric either posteriorly or 
anteriorly, surrounded by a halo; K/N = 1/4; n/K = 1/1 to 5/2 because the halo encircles 
the karyosome asymmetrically; axostyle slender, projecting slightly beyond the posterior 
boundary of the body; pellicular symbionts consisting of a covering of plump rods about 
0.7/* in length, sometimes attached by the end and sometimes by the side. 

My observations of 0. rotunda agree approximately with ZelijBFs report of 
0. ovata in respect to the scarcity of specimens in the smears and in the average 
size. A plump spindle shape like that of 0, rotunda is sometimes found in 
0. barbouri, but the oval karyosome of the latter distinguishes it. The karyo- 
somes are round and the chromatin in the nuclei of 0, pediculosa, 0, snyderi, 
and 0. jouteli is disposed similarly to that in 0. rotunda, but in the former 
species the shapes of the bodies, and the ratios of K/N and H/K are very 
different. 0. pediculosa has a broadly ovoidal body; 0, snyderi has an ovoidal 
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form, expanded posteriorly; and 0, jotdeli has a slender, elongate top shape. 
The length, as indicated by the range, is much less than in 0. pediculosa, and 
much greater than in 0. snyderi. The characteristics of 0. rotunda which dis¬ 
tinguish it from 0. ovata have been discussed in connection with the latter 
species. 

Oxsnnonas minor ZelijBE 

Oxymonas minor Zeliff, 1930, Amer. J, Hyg., 11:730; Cross, 1941, Univ. Calif. Publ. Zool., 
43:379. 

Type Tiost.—Kalotermes minor Hagen. California. 

T- Los Angeles. (Zenosyntype slide TP-560:1.) 

Diagnosis. —^Body spherical to elliptical, broad to slender spindle forms, nsnally rounded 
posteriorly; length 24.7(5.8-30.8)/*, giant 81/*; width 13.2(5.8-17.2)/* (Cross); nucleus 
spherical to pyriform, 6.3 X 4.7/* (Cross); chromatin in granular reticulum; karyosome 
round, surrounded by halo, excentric posteriorly; K/H = l/4 to 1/3; H/K = l/1 to 2/3; 
axostyle slender, projecting very slightly beyond posterior cytoplasm; pellicular symbionts 
consisting of a fringe of spirochaetes along the posterior boundary of the body, often absent 
or insufficiently stained. 

The average size of the body and the length of the flagella agree rather 
closely with Zeliff’s report, but according to my observations the nucleus was 
both broader and shorter. Although he commented on the variability in the 
size of the body, Zeliff published no maximums nor minimums and described 
the size as ^^characteristic.” The blepharoplasts are not spherical, as he de¬ 
scribed them, but each consists of two closely appressed granular spheres. A 
detailed description of the morphology has been given in an earlier paper 
(Cross, 1941). 

Oxymonas hnbbardi Zeliff 
Oxymonas hul'bardi ZelifP, 1930, Amer. J. Hyg., 11:730. 

Type host.—Kalotermes Tiubtardi Banks. Arizona. 

T-252. (Zenosyntype slide TP-189:15.) 

Diagnosis. —^Body plump, top-shaped, sometimes ovoid, pointed posteriorly; length 14.5 
(7.3-21.4)/*; width 9.4(5.5-10.7)/* (Cross); average 17x8/* (Zeliff); nucleus ovoid, 
4.5 X 3.5/ft (Cross) ; chromatin in granular reticulum; karyosome round, surrounded by a 
halo, excentric posteriorly; K/N’ = l/3; H/K = l/2; axostyle slender, the anterior half 
broadened, projecting posteriorly about 3.5/* (Cross) beyond the cytoplasm; head of axo¬ 
style appears ‘‘beaded”; pellicular symbionts consisting of a dense covering of long spiro¬ 
chaetes and equally long rods, with the greatest density at the base of the rostellum. 

Both Oxymonas hullardi and 0. clevelandi have a short chain of cocci 
closely associated with the axostyle just below the shoulder and paralleling 
its length, which gives the axostyle a ‘^beaded” appearance. Zeliff did not 
notice this similarity between the two species but commented on their resem¬ 
blance without any supporting statement, unless the fact that his averages 
in size were identical can be so construed. He separated the two species because 

.. the rostellum is shorter and stouter and seems constant enough to be 
considered a differential character in this ease without additional characters.” 
0. hulbardi has an ovoid nucleus; 0. clevelandi, a spherical or pyriform one. 
In both, the karyosome is excentric posteriorly and the ratios of K/N are alike. 
The posterior region of the nucleus of 0. clevelandi appears bulbous because 
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of the large volume of clear halo substance. The halo encircles the karyosome 
asymmetrically. Neither appearance is true for 0. hubbardi. The latter has a 
broad top shape, and the length is 1.7 times its width. The other has a slender 
top shape and the length is 2.1 times the width. The axostyle of 0. hubbardi 
projects noticeably beyond the posterior cytoplasm and is broadened gradu¬ 
ally from its midpoint anteriorly. In addition to the last-named characteristics 
and the absence of a “beaded” shoulder in the axostyle, the body of 0. minor 
differs from that of 0. hubbardi in being spindle-shaped rather than top¬ 
shaped. The dense growth of spirochaetes and long rods covering 0. hubbardi 
is very different from the coating of plump rods on 0. clevelandi and the 
localized posterior fringe of spirochaetes on 0. minor. 

Zeliff reported that the blepharoplasts were spherical. Kirby (1928) deter¬ 
mined by means of darkfield illumination with living specimens that two 
flagella, which were from 2 to 2% times the length of the body, originated 
from each of the two blepharoplasts. Although Zeliff’s measurements of 0. 
hubbardi were based on 75 specimens, I found only two animals in three slides 
that were as large as his average. My averages were undoubtedly decreased by 
the inclusion of some very small animals, but random remeasiuements justified 
the retention of my computations. 

Oxymonas dimorpha Connell 

Oxymonas dimorpJia Coniiell, 1930, XTniv. Calif. Publ. Zool., 36:51, pi. 3. 

Type host.—Paraneotermes smplidcomis Banks. California; Arizona. 

T-316. (Xenosyntype slide TP-246:36.) 

Diagnosis .—^Body broadly pyriform or flask-shaped; length 120(17-190)^; width 100 
(14r-165)^; nucleus round, diameter 7.7(4-12.3)^ (Connell); chromatin in granular reticu¬ 
lum; karyosome round, surrounded by a halo, usually centrally situated; K/N = 1/3; H/K = 
1/4; axostyle slender, projecting slightly beyond the posterior boundary of the body; 
pellicular symbionts consisting of heavy curved rods, 3.3/t in length; blepharoplasts, con¬ 
necting rhizoplast, and flagella lost during the sessile stage. 

Connell’s minimum length included the short rostellum of the motile forms. 
The nucleus of 0. dimorpha is small for so large an animal, its average size 
being close to that of the much smaller species 0. caudata, 0. kirbyi, 0. minor^ 
and 0. pediculosa from Bugitermes panamae. The only other Oxymonas that 
is as large as 0. dimorpha is 0. grandis, from which it is differentiated in 
having a karyosome during interkinesis, a much smaller nucleus, and a slender 
axostyle. Connell’s recognition of the diphasic existence of Oxymonas was a 
valuable contribution. In general, my study confirms his outUne of the life 
cycle, except that nuclear division is not limited to animals that contain 
“volutin.” His assumption that the spherules contain that substance is in- 
sufiSciently supported, because the tests he cited are not specific and my tests 
for volutin (McClung, 1937) were negative. 

My observation shows that Connell’s “supporting fibrils” are actually fibrils 
from the recurvent part of the axostyle. His description of their origia con¬ 
fuses them with the expanded polymorphous nuclear matrix which maintains 
the connection between the nucleus and the new axostyle. Cleveland’s studies 
(1934,1935) and my own (1941) have discredited his report that the intra- 
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nuclear spindle originated from the karyosome. The fibers in Conneirs figures 
8 and 11 (1930) can scarcely be, as he has designated them, last remnants of 
the spindle, for there have been no instances in which the polar region of the 
spindle has been extruded from the nucleus or has been in juxtaposition with 
the blepharoplasts. In fact, the distance separating the pole of the spindle from 
the basal granules increases continuously as division progresses. Perhaps the 
disputed fibers are fibrils from the recurvent portion of the axostyle for¬ 
tuitously placed in association with the basal granules. Connell questioned 
Kofoid and Swezy’s (1926a) assumption that the evolutionary pattern of 
Oxymonas consisted of a tendency to increase the neuromotor units, and sug¬ 
gested instead that there was a tendency to increase the speed of reproduction. 
He also postulated the production of multinucleate animals from uninucleate 
forms by means of delayed cytokinesis. 

Oxymonas grandis Cleveland 

Oxymoncts grandis Cleveland, 1935, Biol. BnU., 69:54. 

Type host,—Neotermes daTbergiae Kalshoven. Java. 

T-4532. Bandjar. (Xenosyntype slide TP-3220:20.) 

T-4564. Bandjar. (Xenosyntype slide TP-3225:3.) 

T-4568. Bandjar. (Xenosyntype slide TP-3231:30C.) 

Additional host,—Neotermes tectonae Dammerman. Java; Sumatra. 

T-4563. Kateman. (Homosyntype slide TP-3223:3.) 

T-4548. Tapos, Mt. G-edeh. (Homosyntype slide TP-3222:2.) 

T-4531, Kateman. (Homosyntype slide TP-3215:46B.) 

Diagnosis ,—^Body ovoid to ellipsoid, often irregular; length (median) 109(41-241)jLi; 
width (median) 36.4(15.3-78.3)jti (Cross); nucleus ovoid; length (median) 16(8.7-24.9)/*; 
width (median) 12.6(8-20.7)/* (Cross); chromatin in granular reticulum; karyosome absent 
except during late reorganization of the nucleus following division; axostyle broad, resem¬ 
bling a scimitar in shape, projecting very slightly beyond the posterior boundary of the 
body; well-defined but delicately staining anterior, and loosely fibrous recurvent portions of 
the axostyle; pellicular symbionts consisting of rodlets averaging about 1.3/* in length, and 
a tuft of spirochaetes about 6/* long, situated above the shoulder and on the opposite side of 
the axostyle from that on which the nucleus lies. 

The measurements were based on 51 animals. Cleveland used the arith¬ 
metical average and reported the length as 121 (76-183)/u and the width as 
52(31-79)ja. His diameters for the nucleus were 21(20-23)/^. It is noticeable 
that my minimums are lower and my maximums are higher. The absence of a 
karyosome in Cleveland's specimens and the presence of much smaller animals 
in mine support the belief that my material contained more immediately post¬ 
division animals than Cleveland’s did. (See below, pp. 71-78, for a special 
study of the morphology of 0, grandis,) 

Oxymonas megakaryosoma sp. nov. 

Type host,—-Glyptotermes sp. nov. Uganda. 

T-2072. Kampala. (Syntype slides TP-2017:26, 2023:18, 2025:30.) 

T-2090. Budongo Forest. (Xenosyntype slide TP-2028:13.) 

Diagnosis ,—^Body spheroidal to ellipsoidal; length (median) 61.4(24.9-200.1)/*; width 
(median) 26.4(9.3-82.3)/*; nucleus ovoid; length (median) 10.7(6.7-17.3)/*; width (me¬ 
dian) 8.7(6.0-15.2)/*; chromatin in granular reticulum; karyosome oval; length (median) 
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4(2.0-8.7)ptj width (median) 3.3(1.3-6.0)^; surrounded by a halo (median) 1.3(0.0-3.3)jt4; 
excentrie posteriorly; K/IT = l/2; H/K=l/3; axostyle broad, resembling a scimitar in 
shape, the most posterior part consisting of a heavy fiber barely projecting beyond the 
cytoplasm; well-defined but delicately stained and loosely fibrous, recurvent and anterior 
portions of the axostyle; pellicular symbionts consisting of rodlets averaging about 1.3/a 
in length; binucleate animals not uncommon. 

The most striking characteristic of Oxymonas megakaryosoma is the large, 
usually oval karyosome; but in 11 out of the 51 animals on which the measure¬ 
ments were based, the karyosome was round. A special study of the morphol¬ 
ogy of this species is given below, pages 78-79. 

Oxymonas notabilis sp. nov. 

Type host*—Neotermes lioxoa Wasmann. Madagascar. 

T-444:6. Manantantely. (Syntype slides TP-3187:20, 29, 36, 75.) 

Diagnosis, —^Body ovoid to slenderly ellipsoid to elongate irregular in shape; length 
(median) 59.3(27-125.4)/a; width (median) 18.7(12.7-28.6) /a; nucleus broadly ovoid; 
length (median) 9.3(7.3-14.0) /a; width (median) 8.7(6.7-13.3) /a; chromatin in granular 
reticulum; karyosome round, diameter (median) 2.7(2-4) /a; excentrie posteriorly; sur¬ 
rounded by a halo (median) 0.7(0.7-1.3)/a; K/N = 1/3; H/K = 1/4; axostyle broad, ir¬ 
regularly pennant-shaped, much shorter than the body; not projecting beyond the posterior 
cytoplasm; shoulder of axostyle retracted toward the middle of the body; the anterior portion 
delicately stained; the recurvent portion deeply stained and composed of compact parallel¬ 
ing fibers; pellicular symbionts consistmg of spirochaetes averaging about 7/a in length; 
and thick, slightly curved rods about 2.3/a in length; binucleate animals frequent, 4-, 5-, and 
6-nucleate specimens not rare. 

The measurements were based on 51 animals. The name 'notabilis was chosen 
because the deeply staining recurvent portion of the axostyle and the retracted 
shoulder of the axostyle have not been found in any other species of Oxymonas, 
A special study of the morphology of 0. notabilis is given below, pages 79-80. 

Oxymonas di-imdnlata Nurse 

Oxymonas di’Undulata Nurse, 1945, Trans. Boy. Soc. New Zealand, 74:309. 

Type host.—Kalotermes hrouni Proggatt. New Zealand. 

T-600. (Cleveland.) (Xenosyntype slides TP-500:20, 141, 247.) 

Diagnosis, —^Body ovoid to pyriform; length (15.3-38,2 )/a; width (12.2-27.5 )/a (Nurse); 
length 21.2 (7.8-40.5) /a; width 9.0 (6.1-22.3) /a (Cross); nucleus ovoid, chromatin in coarsely 
granular reticulum; length 5.6 (3.9-8.4) /a; width 3.9(2,8~7.2)/a; karyosome round, excentrie 
posteriorly; K/N = 1/3; H/K = 1/1 (usually); axostyle slender, broadened in region near 
nneleus, often shorter than the body, never projecting much beyond the posterior cytoplasm; 
delicately staining recurvent portion of the axostyle; matrix sleeves frequently present; 
pellicular symbionts consisting of cocci, infrequmitly present. 

The report by Nurse (1945) that this oxymonad has two flagella, each of 
which is associated with an undulating membrane is not acceptable. My exam¬ 
ination of smears made in New Zealand by Professor L. E. Cleveland from 
Kalotermes brouni revealed no evidence whatever of an undulating membrane 
and the blepharoplast-flagella complex is in complete agreement with that of 
the other oxymonads that I have studied. In her text figure 3, figure b, which 
supposedly depicts four undulating membranes, actually represents two 
matrix sleeves. (See above, p. 85 and pi. 13, figs. 81, 82, 85, 88, 89, 90.) These 
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structures are similar morpliologieally to Kofoid and Swezy's (1926a) axo- 
style sleeves. 

Nurse used a weak solution of iodine aleoliol as a vital stain. I did not find 
this technique at all reliable for studying the flagella of Oxymonas minor 
(Cross, 1941). Studies made with either darkfield illumination or fixed 
smears are preferable, but even Heidenhain’s iron-haematoxylin stain is 
unsatisfactory for distinguishing the blepharoplast-flagella complex in Oxy¬ 
monas unless the stain is much more intense than is ideal for other morpho¬ 
logical investigations. The most satisfactory studies resulted from smears that 
had been fixed with Flemming’s solution and stained with Eegaud’s haemar 
toxylin. Evidently, Nurse saw only the blepharoplast which is situated adja¬ 
cent to the axostyle and failed to find the second blepharoplast, which is 
closely associated with the axostyle’s shoulder. It seems almost equally evident 
that her report of undulating membranes resulted from observation of the 
slashing movement of the recurvent portion of the axostyle in the endoplasm 
of living Oxymonas. 

Nurse describes figure a in text figure 3, as having two nuclei . . but 
axostyle not completely divided, still single at the posterior end.” This is 
another obvious error because in the entire subfamily of the Oxymonadinae, 
the axostyle disintegrates during early kinesis and forms de novo. This figure 
merely illustrates an instance where the posterior tips of the young axostyles 
chance to lie in close juxtaposition.'My objections to her report of a retracting 
rostellum have already been stated (see above, p. 72). 

0. di-undulata resembles 0. kirbyi in the size and the shape of the body, in 
the character of the nucleus, in the tendency to produce matrix sleeves, and 
in having an axostyle that is commonly shorter than the body. The former 
differs from the latter in usually being more slender, in having a delicately 
staining recurvent portion of the axostyle, and in having cocci rather than 
rods as pellicular symbionts. 

Microrhopalodina Grassi and Fo^ 

Microrhopalodina Grassi and Fofi., 1911, R. C. Accad. Lincei, (5) vol. 20, 1 sem.: 730 
(type species, M. tnflata); Bernstein, 1928, Arch. Protistonk., 61:28; Kirby, 1928, 
Quart. J. Micr. Sci., 72:378; 1937, Univ. Calif. Pnbl. Zool., 41:205; Cleveland, 1934, 
Mem. Amer. Acad. Arts Sci., 17:304; Bnboscq and Grass6,1934, Arch. Zool. exp. g4n., 
75:626; De Mello and De Mello, 1944, Anais de Instituto de Me^cina Tropical, 1:205. 
Prohoscidiella Kofoid and Swezy, 1926, Univ. Calif. Pnbl. Zool., 28:312; Bernstein, 1928, 
Arch. Protistenk., 61:30; Kirby, 1928, Quart. J. Micr. ScL, 72:361; 1937, Univ. Calif. 
PnbL ZooL, 41:205; Iiewis, 1933, Univ. Calif. Pnbl. Zool., 29:77. 

Diagnosis .—Mnltinndeate Oxymonadinae; body varying from spheroidal to pyriform 
to irregular dongate forms; length 67(23-165 );a; -width 40(ll-113)/fc; range in medians of 
nuclear numbers 5-13; range in extremes of nuclear numbers 1-50; nucleus spherical to 
ovoid, chromatm in granular reticulum or massed against the nuclear membrane, karyosome 
round or ovoid, surrounded by a halo; anterior corona formation of all, or almost all, of the 
nuclei during interkinesis; usually each nucleus in close association with the shoulder of 
one axostyle; axostyle slender, usually equal numerically to the nuclei, a recurvent portion 
never longer than the body and often much diorter, and an anterior portion; pellicular 
symbionts significant for the differentiation of all reported species. 
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Microrhopalodina was the first oxymonad to be reported and although, 
their description was incomplete and lacked illustrations, G-rassi and Foi 
(1911) recognized the complex, diphasic existence of the protozoan and corre¬ 
lated the alternation of an initial, uninucleate, motile stage, and a multi- 
nucleate, sessile period with the moulting habits of the host. Uninucleate 
animals have been reported from all the species of Microrhopalodina except 
M. mnltimicleataj but neither descriptions nor figures have been given illus¬ 
trating their origin from multinucleates. Their presence in M. inflata was 
definitely verified because they are few in number and showed all of the char¬ 
acteristics of the multinucleate form. However, in M. occidentis, although I 
found a large number of uninucleate animals, only one specimen showed 
precisely the same characteristics of the multinucleate stage. The others did 
not have typical nuclei nor deeply staining anterior and recurvent portions 
of the axostyle. Immaturity might be the explanation of such nonconformance 
but would fail to explain the large number of uninucleate animals that are 
not contaminated with the pellicular spirochaetes of the presumed multi¬ 
nucleate “mother.” It seems probable that Kalotermes occidentis harbors an 
additional uninucleate oxymonad and this would account for the excessive 
number of uninucleate animals reported by Lewis (1933). It is impossible, 
however, to verify this assumption, because no specimens of Oxymonos with 
definitely mature characters were found on the one slide available for study. 

A parabasal that was either very difficult or impossible to see was reported 
by Grassi and Fok (1911) and the genus was consequently placed among the 
calonymphids. Neither Duboscq and 6rass6 (1934) nor I have been able to 
find this organelle in the type species from Kalotermes flavicolMs. Kirby 
(1928) and Lewis (1933) reported aggregations of small, deep-staining gran¬ 
ules above the nuclei in M. multinucleata (= M. kofoidi) and in M, occidentis. 
Their locus was that of a parabasal body, but they were not consistently present 
and were not accepted as true parabasals. Kirby (1928) also commented on 
similar granules appearing in Oxymonas clevelandi Probably, the granules 
were actually the short chains of cocci which constantly localize at the shoulder 
of the axostyle in that species and produce a “beaded” appearance. The 
illustrations in M, multinucleata (Blirby, 1928) and in M, occidentis (Lewis, 
1933) support this view. In Barroella coronaria two or three animals were 
seen in which only a small number of axostyles were infested, and cocci have 
recently been seen in the same position in a uninucleate specimen of M. inflata 
and in several specimens of M. multinucleata. Possibly Grassi and Poi. (1911) 
used material in which a similar, constantly localized infestation of cocci 
occurred fortuitously oftener than in the material obtained by subsequent 
observers, and mistook the granular aggregations for parabasal bodies. 

Duboscq and Grass6 (1934) considered that the absence of a parabasal in 
Microrhopalodina excluded it from the Calonymphidae and prevented the in¬ 
clusion in Microrhopalodina of Opisthomitus avicularis although it is also a 
multinucleate and leads a diphasic existence. Observations on smears and 
sections which were not obtainable previously confirm that viewpoint and 
there is an additional important objection to my earlier suggestion (1941) 
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that Opisthomitus was possibly an Oxymonas, namely, that the nucleus of the 
former genus is entirely diSEerent from that of the oxymonads. 

Kirby (1928) suggested the possible synonymy of Microrhopalodina and 
Proboscidiella but retained the latter because Microrhopalodina had been 
insuificiently described. Duboseq and Grasse (1934) considered that Pro¬ 
boscidiella was a distinct genus because . . leurs axostyles ^largis et qui 
peuveut avoir a la fois rostre et flagelles.” Instead, they surmised that 
Kirbyella (=Barro€lla) was in synonymy with Microrhopalodina because it 
had the . . meme forme des stades sans flagelles (les seuls vus par ZelifE), 
meme disposition generale des axostyles et des fibres rostrales.’’ Comparison 
of the disputed forms does not support Duboseq and Grasse’s contention that 
the axostyle of Microrhopalodina is more slender; and separation from Pro¬ 
boscidiella because of the retention or nonretention of the flageUa during the 
sessile period does not seem justified. Kirby (1928) reported that in living 
M, nmltinucleata, the presence or absence of flageUa on rostellate animals was 
variable. Cleveland (1934) placed Proboscidiella in synonymy with Micro- 
rliopalodina, but gave no explanation for doing so. My reasons for agreeing 
with him and for disagreeing with Duboseq and Grasse’s merging of Kirbyella 
{-Barroella) and Microrhopalodina have been given on page 96. 

Kofoidand Swezy (1926&) described Mcror/iopaZodina as ha^dng a primary 
and two secondary flagella, and De Mello and De Mello (1944) reported only 
two. Neither of these descriptions is in accord with those of other species. 
Since it was evident that the specimens of De Mello and De Mello (1944) had 
been insufficiently stained to delineate properly the axostyle and its relation¬ 
ships, it is logical to assume that there would be an even less satisfactory 
delineation of the blepharoplast and flagella complex which is always more 
difficult to trace. This being true, it seems justifiable to disregard De Mello 
and De Hello’s report of only one flagellum for each blepharoplast. Addi¬ 
tional support is given this decision by the fact that De Mello and De Llello 
(1944) have shown two flageUa originating from one blepharoplast in two 
instances in their plate I. 

It is true that in Barroella coronaria there were many specimens with three 
flagella, but two of the three occurred indiscriminately on either of the two 
blepharoplasts. Apparently, one flageUum is frequently destroyed, and a 
total of four flageUa with two from each of the blepharoplasts is normaUy 
present in unmutUated specimens. The latter condition is so nearly uniform 
throughout the Oxymonadinae that it is accepted in this paper as a diagnostic 
character of the subfamily, and variations have been listed as questionable. 
Kirby’s (1928) sketches of the axostyle-blepharoplast-flageUa complex are 
probably typical for the genus. They agree with the incomplete description 
of the combination in M, infiata (Duboseq and Grass6, 1934) and with the 
condition pictured by Lewis (pi. 9, fig. 15,1933) for M. occideniis, and with 
my observations on a binucleate animal of the latter species. They are also very 
simUar to the combinations in Oxymonas (pi. 5, fig. 18; pi. 9, fig. 39) and in 
Barroella (pi. 14, fig. 100). 

Because the morphology of the “retractor fibers” as they were described by 
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Kofoid and Swezy (1926&) and of the “cytoplasmic fibers” described by Kirby 
(1928) and Lewis (1933) is identical with that of the reenryent portion of 
the axostyle in Microrliopalodina, both of the above-named terms have been 
discarded. Objections and arguments regarding Kofoid and Swezy’s assump¬ 
tion that the rostellum is “extensile and retractile” and that fission occurs 
without an associated mitosis have been given on pages 72 and 84. 

Kirby (1928) made the first detailed report of mitosis in the oxymonads 
and described and pictured the posterior migration of the nucleus during 
kinesis in M. midtinucleata. Janicki’s (1915) illustrations implied this migra¬ 
tion, but there is nothing in his description to indicate that the seemingly 
haphazard change in nuclear position is an essential step in the mitotic pat¬ 
tern. Duboscq and Grasse (1934) were evidently stiU unaware of the impor¬ 
tance of the concept of nuclear migration in interpreting division phenomena 
in the oxymonads when they concluded a footnote describing such nuclear 
behavior b}^ saying, “S’agit-il la d^individus en voie de degenerescence ou d’un 
stade dont nous ne voyons pas la place, nous ne pouvons le dire.” 

The spelling of the type species name was emended from enflaia, and a 
fairly comprehensive description of the diphasic morphology of Micro- 
rhopalodina inftata was presented by Duboscq and 6rass4 (1934). Kirby 
(1928) and Lewis (1933) were doubtful of the cyst formation reported by 
Kofoid and Swezy (19266). Observations on other oxymonads support their 
objection that the so-called “cysts” were actually spherical animals in which 
the peripheral ectoplasm was wider and more highly vacuolated than usual, 
llitosis was reported briefly by Lewis (1933) and Duboscq and 6rass4 (1934), 
but nothing new was added to Kirby’s (1928) earlier description. Structures 
like the “tracheal tubes” described by Lewis are found in the intestinal con¬ 
tents of the termite and infrequently in the cjrtoplasm of an oxymonad, but 
they are not identical with the tubular matrix sleeves and, contrary to Lewis’s 
report, they retain the same yellow color when iuside the protozoan. 

Microrhopalodina inftata Grassi and Fo&, emend. Duboscq and Grass§ 
MicrorhopaHodina enflata Grassi and FoS,, 1911, E. C. Aecad. Lineei, (5) vol. 20,1 sem. :739. 
Microrhopalodina inflata Duboscq and Grass4,1934-, Arch. Zool. exp. g^n., 75:626. 

Type host.—Kalotermes flavicollis Fabricius. Europe. 

T-323. (Xenosyntype slide TP-197 ;7.) 

Diagnosis .—^Body varying from spheroidal to pyriform to irregular elongate forms; 
length 13-90/*; nuclear numbers "un pen moins" 12(l-"plus de 50”) (Duboscq and Grass4); 
nucleus spherical to ovoid, chromatin in granular reticulum; karyosome round, surrounded 
by a halo, slightly excentric; irregular anterior corona formation of nuclei, not all nuclei 
being closely associated with shoulder of axostyle; K/N = 1/3; H/K = 1/3 to 1/1; axo- 
styles slender, extending full length of body; anterior and recurvent portions of axo¬ 
style deeply stained; pellicular symbionts consisting of short rods, 2-3/* in length, and 
spirochaetes about 7/* long (Cross) or 20/* long and shorter (Duboscq and Grass5). 

Most of the account of Grassi and Po^ (1911) consisted of a description of 
the sessile and motile stages which comprise the life cycle. They erred in re¬ 
porting the presence of only one blepharoplast in the motile stage, and made 
no attempt to enumerate the flagella. In an amplification of their report, 



118 University of California Publications in Zoology 

Duboscq and Grass6 (1934) described an eigbt-nncleate animal with a total 
of 32 flagella in groups of two from each blepharoplast. Prom this it may be 
assumed that two blepharoplasts were associated with each nucleus. Observa¬ 
tion has supported the assumption and supplied the additional facts that the 
two large blepharoplasts were each composed of two closely appressed spher¬ 
ical granules, and that one of the blepharoplasts was joined directly to the 
shoulder of the axostyle and less directly to the other blepharoplast by means 
of a short fiber. In agreement with both of the earlier reports, no blepharo¬ 
plasts nor basal granules were found in the sessile stage. 

M, ocddentis is the only other species that has deep-staining anterior and 
recurvent portions of the axostyle, but the ratios of K/N and H/K are quite 
different in M, infiata^ and the axostyle is broader and less frequently as long 
as the body. Duboscq and Grass4 (1934) commented on the peculiar spiral 
course of the rosteUar flbers in the latter species and this behavior is much less 
pronounced in M, ocddentis. There are no short rods among the pellicular 
spirochaetes of the latter species, and the spirochaetes themselves are much 
shorter than in M. inflata. 

Microrhopalodma multinucleata (Kofoid and Swezy) comb. nov. 
Prohosoidiella miltinuoleata Kofoid and Swezy, 1926, TJniv. Calif. Publ. Zool., 28:301. 
ProbosddieUa Tcofoidi Kirby, 1928, Quart. J. Micr. Sci., 72:361, 

Type host.-—GryptoieTmes dudleyi Banks. Philippine Islands; Panama. 

T-239. Balboa, Canal Zone. (Xenosyntype slide TP-159:4.) 

Diagnosis .—^Body spherical to pyriform; length 72(25-160 )/a; width 25-113/x; nuclear 
numbers 8(1-34) (Kofoid and Swezy) ; length 66 (23-165)^4; width 46 (12-100)nuclear 
numbers (median) 8(2-26)^ (Kirby) ; nucleus spherical to ovoidal, chromatin in granular 
reticulum; karyosome round to ovoid, surrounded by a halo, excentric posteriorly; anterior 
corona formation of nuclei during interkinesis, each nucleus being closely associated with 
the shoulder of an axostyle; K/N = 1/3; H/K = 1/3; axostyle dender, usually not more 
than % to % of the length of the body; pellicular symbionts consisting of a coat of short 
curved rods. 

Microrhopalodina multinucleata is distinguished readily from M. mflata 
and M. ocddentis by its delicately stained anterior and recurvent portions of 
the axostyle. It is distinguished from M. hofmanni by the close association of 
the nucleus with the axostyle shoulders and by axostyles that are usually 
shorter than the body. 

Emerson (personal communication to Professor Earby, 1945) has deter¬ 
mined that Planocryptotermes nocens Light from the Philippine Islands is in 
synonymy with Cryptotermes dudleyi Banks. Therefore, the hosts of the 
species reported earlier as P. multinucleata Kofoid and Swezy (19266) and 
P. Jcofoidi Kirby (1928) are the same and this constitutes a potent argument 
for the synonymy of the oxymonads. The study of M. multinucleata (Kofoid 
and Swezy) has been confined to their sketches and description because slides 
from Cryptotermes dudleyi from the Philippines have not been available. 
Kirby’s report of P. JcofoidA has been verified by me from specimens in smears 
from C. dudleyi from Panama. He distinguished P. Tcofoidi from P. multi- 
nudeata because of its proportionately larger karyosome, because of its differ- 
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ent flagella-blepharoplast complex, and because the pellicnlar symbionts 
differed from the long, straight rods that were pictured by Kofoid and Swezy 
(1926). The last-named difference has been disregarded because their sketch 
was highly stylized and Earby’s description of short, curved rods has been 
used in the diagnosis. Kirby’s studies with darkfield illumination definitely 
established the number of flagella as being two for each of the two blepharo- 
plasts and the report of three by Kof oid and Swezy (19266) has been further 
discredited by my observations on Barroella coronaria (p. IIG). The impor¬ 
tance of the ratio K/N as a diagnostic character was not recognized by Kof oid 
and Swezy (19266), but an estimate based on their measurements indicated 
that 1/5 was the maximum in P. multinucleata. However, where measure¬ 
ments were made of their sketches, there were a number of specimens where 
the ratio was 1/4 and a few where it was 1/3. Because of this discrepancy be¬ 
tween the estimate and the sketches, Kirby’s figures have been accepted in 
the diagnosis. It is probable that if sufdcient specimens of P. multinucleata 
Kofoid and Swezy were investigated, the fibers of the recurvent portion 
of the axostyle (called “retractor fibers” by Kofoid and Swezy and “cyto¬ 
plasmic fibers” by Kirby) would be found to extend “longitudinally through¬ 
out the endoplasm” and not to be limited to the peripheral region, and that 
sometimes these fibers would be almost as long as the body. 

In addition to describing If, multinucleata^ Kofoid and Swezy (19266) dis¬ 
cussed its importance in illustrating an intermediate step in the evolution 
from a simple cellular state to a multicellular somatella. They accepted 
Oxymonas as representing the initial stage in the process with the rostellum 
preserving the “unitary nature” in Microrhopalodina in spite of the multi¬ 
plication of nuclei and neuromotor units. In if. muMinucleata, Kofoid and 
Swezy again emphasized the importance of the neuromotor system because 
of their belief that it controlled the extension and retraction of the rostellum. 
My observations (above, p. 72) have not supported their assumption. They 
have attributed the presence of an axostyle that projects beyond the posterior 
boundary of the body in one of their specimens (pi. 31, fig. 2, Kofoid and 
Swezy, 19266) to the retraction of the rostellum, but it can be more simply 
explained as a recently divided animal in which the growth adaptation of a 
lengthy rostellum has not as yet taken place and in which the tips of the 
axostyles protrude because of a fortuitously meager apportionment of cyto¬ 
plasm during fission. According to the latter viewpoint, the protruding axo¬ 
styles represent a chance and transient condition of immaturity and do not 
violate the diagnostic stipulation in Microrhopalodina that limits the length 
of the axostyle to that of the body. 

Kirby (1928) presumed that the rhizoplasts which were directed posteriorly 
from the blepharoplasts toward the nucleus might maintain the latter 
organelle in its position. Even in larger oxymonads, it frequently happens 
that only the fibrous-appearing boundaries of the interkinetie nuclear matrix 
which holds the nucleus to the shoulder of the axostyle can be observed; and 
it seems altogether possible that the posteriorly directed rhizoplasts described 
for the smaller animals represent these boundaries. 
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Microrhopalodina occidentis (Lewis) comb. nov. 

Prohosddiella occidentis Lewis, 1933, Univ. Calif. Publ. Zool., 39:77. 

Type host.—Kalotermes occidentis Walker. Mexico. 

T-356. Lower California. (Xenosyntype slide TP-317:14.) 

Diagnosis .—^Body spheroidal to pyriform to irregular elongate; length 64(26-133)^; 
width 36 (11-80)jt 4 ; nuclear numbers 5 (median) (1-17) (Lewis); nucleus spherical to ovoid; 
chromatin granules massed against the nuclear membrane; karyosome round, surrounded 
by a halo, slightly excentric; anterior corona formation of nuclei, each nucleus closely 
associated with the shoulder of an axostyle; E:/N = 1/4 (Lewis); H/K = l/1; axostyle 
slender, often extending the full length of the body; anterior and recurvent portions of axo¬ 
style deeply stained; pellicular symbionts consisting of spirochaetes about 5ft long (Cross). 

Except for Microrhopalodina inflata, M. occidentis is easily differentiated 
from the other species in the genus because the anterior and recurvent portions 
of the axostyle stain deeply, and the characters that distinguish them from 
one another have been discussed with the first-named species. In differentiating 
M. occidentis^ Lewis (1933) compared the sizes of the karyosomes relative to 
their respective nuclei. This is the same as the procedure indicated briefly by 
the ratio K/N in this paper. He described both the axostyle and the blepharo- 
plast bar as being broader than in M. multinucleata and in M. kofoidi, and 
gave the length of the flagella as 18 and 60 microns, respectively, for the last- 
named species, and 40 microns for M. occidentis. The flageUa of M. multi- 
nucleata were reported as being dissimilar from the others because of their 
inequality in thickness. A rostellum was reported by Lewis (1933) that was 
423ju in length. It was seven times as long as the specimen and is the longest 
rostellum recorded for the Oxymonadinae. Observations confirmed his state¬ 
ment that the two blepharoplasts were approximately the same in size, but 
Lewis did not discover that they are each composed of two closely appressed 
spherical granules and that the flagella originate from the distal member of 
the pair. Blepharoplasts were present in mature animals with long rostella. 
Lewis’s report that the pellicular symbionts of M. multinucleata and M. occi¬ 
dentis are different, can be extended to include M. inflata as well. 

Microrhopalodina hofmanni (De Mello and Be Mello) comb. nov. 

ProhosoidieUa Hofmanni Be MeUo and Be HeUo, 1944, Anais de Instituto de Medicina 
Tropical, vol. 1, f asc. 2,211. Lisbon, Portugal 

Type host ,—Incompletely described as ‘Undian Cryptotermes.” 

Diagnosis ,—Body spherical to ellipsoidal; length 27(12-54)width 20(ll-66)jLi; 
nudear numbers 4(2-14) (Be Mello and Be MeUo); nucleus ovoid, chromatia in granular 
reticulum; karyosome round, surrounded by a halo, excentric; irregular, anterior corona 
formation of nudei; nuclear number not the same as the number of axostyles; X/N and 
H/K not recorded; axostyle slender and deeply stained, extending the full length of the 
body; the anterior and recurvent portions of the axostyle delicately stained; pellicular 
symbionts lacking in 99 per cent of the specimens. 

The medians in the above measurements were derived from figures given 
by De Mello and De Mello. ilf. hofmanni is very much smaller than any other 
described MicrorAopalodiwa. This species is like M. inflata and unlike M. multi¬ 
nucleata and M. occidentis because the formation of the nuclear corona is 
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irregular and because its axostyles extend practically tbe full length of the 
body; but M, hofmanni resembles M. multinucleata and differs from both M. 
inflata and M. occidentis in having delicately staining anterior and recurvent 
portions of the axostyle. 

Both the sketches and the descriptions by De Mello and De Mello indicate 
that their specimens have been insufficiently stained to show the true nature 
and relationship of the axostyles. The fact that there is a lack of close associa¬ 
tion between the nuclei and the axostyles in the interkinetic stage does not 
prove, as De Mello and De MeUo have assumed, that there is no relationship 
between the two organelles. In 0. notabilis (text fig. A, fig. 4) an even greater 
separation between the nucleus and the axostyle is present in interkinesis, but 
during mitosis the association is equally as close as in the other oxymonads. 
De MeUo and De Mello state that they have pictured all of the mitotic figures 
that they found. Very little information on mitotic behavior can be gained 
from so small a number, but none of their specimens deviated from the 
scheme of division described for oxymonads on page 92. 

Since diploid arrangements of chromatin granules are of common occur¬ 
rence in the early prophase nucleus of the Oxymonadinae, the diploid granules 
which De Mello and De MeUo have reported as dividing centrioles cannot be 
accepted as such. The scarcity of dumbbeU-shaped karyosomes is undoubtedly 
correlated with the scarcity of mitotic figures because division of that organeUe 
(see above, p. 88) takes place either during the prophase or late reorganiza¬ 
tion in aU the subfamily. 

The ‘‘cerclet of anterior flagella” which is described by De MeUo and De 
MeUo is evidently a schematized representation of disrupted fibers of the 
holdfast. These would not be present, as they have reported truly, on sessUe 
forms; but it is unlikely that the number of fibrUs would be 6 or any other 
constant number. 


BarroeUa Zeliff 

Kir}>yeUa Zelijff, 1930, Amer. J. Hyg., 11:740 (type species, K, geteJci); Cleveland, 1934, 
Mem. Amer. Acad. Arts Sci., 17:303; Duboseq and Grass^, 1934, Arch. Zool. exp. g§n. 
75:635; Kirby, 1937, Univ. Calif. Publ. Zool., 41:205; De Mello and De Mello, 1944, 
Anais de Institute de Medicina Tropical, 1:217. 

BarroeUa Zeliff, 1944, J. ParasitoL, 30:275. 

Diagnosis ,—^Multinndeate Oxymonadiuae; body varying from subspberoidal to pyriform 
to irregular elongate forms; length (median) 75(27-224)/4; width 34(11-80)^; range in 
medians of nuclear numbers 7-24; range in extremes of nuclear numbers 2-114; nuclei 
spherical to ovoid, chromatin massed against nuclear membrane or in granular reticulum; 
karyosome surrounded by a halo; nuclei scattered throughout the body in mature animal; 
axostyles slender with delicately staining anterior portion and deeply staining recurvent 
portion, tortuously looped, much longer than the body; nuclei and axostyles rardy equal in 
number; immature animals mmilgT to Microrhopalodina; with solitary anterior corona 
formation of nuclei; axostyles usually shorter than the body; axostyles and nuclei rarely 
equal in number; the immature animals originating by serial budding from larger animals, 
distinguished by multiple corona formation; each corona representing a unit which is 
similar to MicrorTiopalodina in the structure and arrangement of its component axostyles 
and nuclei and which is the end product of a modified anterior post-telophase migration of 
the nucleus; pellicular symbionts significant for differentiation of species. 
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ZelifE’s (1930) definition of the genus did not include recognition of the 
immature subspheroidal forms nor the irregular, elongate shapes. Studies of 
mitosis show that the origin of the axostyle is exactly the same as that of 
Oxymonas and it is only the heavily stained recurvent portion that originates 
from a “common point at the tip of the rostellum or at the tip of the organism 
when this organelle is absent.” The axostyles are not always more numerous 
than the nuclei, as he stated, but may be the same or less in number. Through¬ 
out the subfamily, the size of the karyosome proportionate to that of the 
nucleus has served as a means of differentiating species, and this is too nar¬ 
rowly limiting a character to serve for distinguishing genera as Zeliff (1930) 
has used it in Barroella. 

Duboscq and Grasse (1934) svLnmseitha.tKir'byella {-Barroella) should 
be placed in synonymy with Microrhopalodina, but I have retained the dis¬ 
tinction of the two genera for the reasons stated on page 96. The granular 
cytoplasm, the yellowish colored spherules, the wood particles enclosed m 
vacuoles, the blepharoplast-fllagella complex and the variability in the shape 
of the body and of the rostellum in the multinucleate Barroella find their 
counterparts in the uninucleate Oxymonas, In both genera, each nucleus is 
associated with two blepharoplasts, each of which supports a pair of flagella. 
In Barroella^ the presence of flageUa is limited to the motile period, but that 
limitation is also evident in 0. dimorpha. The overgrowth in length of the 
prominent, deeply stained, recurvent portion of the axostyle in Barroella is 
similar to the development of 0. notaiilis. In both, the customarily close 
association of the nucleus with the shoulder of the axostyle is lost. In 0. notor 
iUis, the nucleus is situated at the base of the rostellum and the shoulder is in 
the mid-region of the body. In Barroella, the positions are reversed. By these 
comparisons, it is demonstrated that the seemingly haphazard arrangement 
of the components of Barroella fits readily into the orderly, morphological 
pattern established for the uninucleate Oxymonas. 

Since De MeUo and De MeUo (1944) only quoted Zeliff (19306) and added 
nothing to the latter’s statements, comment on their report is unnecessary. 

Barroella zeteki Zeliff 

Kwhyellaeeteki Zeliff, 1930, Amer. J. Hyg., 11:740. 

BarroeUaiseteTci Zeliff, 1944, J. Parasitol., 30:275. 

Type Jiost.-^alcaritermes hreviooUie Banks. Panama. 

T-121. Barro Colorado. (Xenosyntype slide TP-57:5.) 

Biagyiosis. —^Body spheroidal to pyriform, to irregular elongate in shape j length 56(35- 
100 )j[ 4 ; rndth 30(15-60)/^ (Zeliff); nuclear numbers 8(2-12) (Cross); nucleus round, 
diameter 6ju (Zeliff); chromatin massed iu hea^y granules against the nuclear membrane; 
karyosome round, surrounded by a halo, centrally situated; in mature form, nuclei never 
closely associated with axostyle but scattered throughout the body; K/N = 2/3; H/K = 1/3; 
axostyle slender, as long as body; recurvent portion of axostyle long and deeply stained; 
pdlicular symbionts consisting of very small rods, often absent or difficult to see. 

The nuclei of Barroella zeieki and B. coronaria are very different. In the 
former, large granules of chromatm are massed against the nuclear membrane 
and the ratio of K/N=2/3. In the latter the granules appear in a reticulum 
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and the ratio of K/N is 1/3. The maximum number of nnelei reported for 
B. zeteki is only one-half the median number of nuclei for B. coronaria. There 
is a correspondingly smaller number of axostyles in the former and the re- 
curvent portions of the axostyle are less constantly looped and contorted. Its 
pellicular ^rmbionts are very small rods, and those of B. eoronaria are long 
spirochaetes and curved rods. 

Moundlike rostella are usually present on the subspheroidal, Microrho- 
palodiwa-like forms. There is little question but that these originate by serial 
budding, as has been illustrated for B. eoronaria (pi. 15, figs. 102-105). One 
specimen of this form was found in which the blepharoplasts could be distin¬ 
guished with difficulty, but they occurred in the number and position charac¬ 
teristic of oxymonads. In agreement with what was reported by Zeliff (19306), 
no blepharoplasts were seen in the mature forms after the nuclei had left their 
earlier anterior position. 

A uninucleate oxymonad, 0. ovata, has also been reported as occurring in 
Cdlcaritermes brevicoUis and its nucleus is very similar to that of B. zelteki. 
It is not iUogieal that uninucleate forms of B. zeteki might originate by bud¬ 
ding in the same manner as the MierorhopaLodina-Vik& forms do. The axostyle 
in 0. ovata is not the complex organelle seen in B. zeteM, but this might be 
attributed to immaturity. The pellicular i^mbionts of 0. ovata occur occasion¬ 
ally as small patches of large diplococci. There is some uncertainty about the 
symbionts of B. zeteki because the stain was unfavorable for their study. 
Apparently, this species is covered with very small rods, and, infrequently, 
large mono- and diplococci occurred as cytoplasmic parasites. It seems desir¬ 
able to maintain the uninucleate form, 0. ovata, as a distinct species either 
until division forms have been discovered in which uninucleate ftniTnak siTnilai- 
to 0. ovata are derived from Barroella or until a sufficient number of inter¬ 
mediate forms have been found to bridge the differences now existing between 
them. Either event would prove the immaturity of 0. ovata and place it in 
synonymy with B. zeteki. 

Barroella eoronaria sp. nov. 

Tyfpe host.—Neotermes howa var. mmritiana Sjoatedt, Manritins. 

T-4622. (Syutype slides TP-3201;11,59, 85, 94E.) 

Diagnosis. —^Multinucleate; body spheroidal to ellipsoidal, often irregular; length 
(median) 94.7(27-223.7)/i; width (median) 37(10.7-80.3)]»; nuclear numbers (median) 
24(4r-114); nudens spheroidal; diameter (median) 4.7(3.3-6.7)/fc; ehromatm in granular 
retieulnm; karyosome round, diameter (median) 1.3 (0.67-2.3);»; slightly excentric; sot- 
rounded by a halo; K/N* = 1/3; H/BI = l/2; axostyle slender, anterior portion delicatdy 
stained; recurvent portion deeply stained, long, and contorted; shoulders of axostyles not 
in close association with nuclei; the numbers of axostyles infrequently equivalent to that 
of the nuclei; pellicular symbionts consisting of thick, curved rods, about 7;* long, and 
spirochaetes mostly about 7fji. in length, but some over 9^ long. 

The measurements are based on 51 animals. A special study of the morphol¬ 
ogy of B. eoronaria is given on pages 81-82, and its differentiation from B. 
zeteM is discussed with the latter species. 
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smmABY 

1. A systematic account of the flagellate subfamily Oxymonadinae is pre¬ 
sented. Proboscicliella Kofoid and Swezy is placed in synonymy with Micro- 
rhopalodina Grassi and Foa. The flagellate of Eiigitermes panamae that was 
described as Oxy^nonas panamae by Zeliff (1930) is considered to be 0. pedi- 
culosa Kofoid and Swezy. The flagellate of Kalotermes perezi that was incor¬ 
rectly identifled with 0. panamae by Zeliff (1930) is given a new name, 0. 
caudata, 0. ovata Zeliff of Galcaritermes emarginicollis is separated from 0. 
ovata of Galcaritermes brevicollis and is described as a new species, 0. rotunda, 
Proboscidiella kofoidi Kirby is considered to be the same as Microrhopalodina 
multinucleata (Kofoid and Swezy). 

2. Observations have been made on twenty-three of the twenty-seven species 
that are listed. Most of Zeliff’s species are retained, but for the diagnoses it 
has been necessary to give additional characteristics and to substitute less 
variable ones for those he used. 

3. Detailed cytologieal studies were made of 0. grandis Cleveland, 0, mega- 
karyosoma, sp. nov., 0. notabiliSy sp. nov., and Barroella coronaria sp. nov. 

4. The holdfast is composed of minute fibrils which anchor the animal to the 
chitinous intima of the gut in much the same fashion as small rootlets twine 
among the interstices of a roughened rock surface. The rostellum is not an 
“extensile and retractile’’ organelle, but is long or short in a passive growth 
adaptation to the requirements of its environment- 

5. Tests for volutin in the cytoplasmic spherules were negative. The Feulgen 
test gave positive reactions for the karyosome and negative reactions for the 
cytoplasmic spherules, for the intranuclear spindle, and for the cytoplasmic 
parasites, Sphaerita, 

6. In Oxymonas, the nuclear matrix typically maintains a continuous associ¬ 
ation of the nucleus and the axostyle from the latter’s origin to its dissolution. 
In Barroella the association is maintained only until the close of the corona¬ 
forming period. Since there is evidence that a modification of the amorphous 
nuclear matrix is identical with the stinictures formerly called “axostyle 
sleeves,” the term “matrix sleeve” has been preferred. 

7. The mitotic pattern characteristic of the Oxymonadinae has been outlined 
on the basis of mitotic studies of 0. grandis Cleveland, 0. megakaryosoma sp. 
nov., 0. notabilis, sp. nov., and Barroella coronaria sp. nov. 

8. The intranuclear spindle is not a bar. Approximately paralleling fibers 
are added to an originally short, slender strand. The fibers are increased in 
number, compacted, and lengthened until a heavy, fibrous, cablelike structure 
results in the telophase. In company with the chromosomal fibers, it forms a 
bulging, cylindrical, intranuclear, achromatic figure. The intranuclear spindle 
either stains faintly or not at all with Delafield’s haematoxylin. 

9. Cleveland’s report of the absence in 0. grandis of a karyosome requires 
modification, because it is present transiently, during the late telophase and 
late reorganization of the daughter nuclei. The intranuclear spindle does not 
originate from the karyosome, for that organelle disintegrates either at the 
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close of late reorganization of the nuclei or during the prophase. The presence 
of more than one karyosome is an early aspect of its disintegration. An aggre¬ 
gation of chromatin granules around the degenerating intranuclear spindle 
in the telophase forms the new karyosome, and since the response of the karyo¬ 
some to the Feulgen reaction is positive, it is unlikely that the spindle con¬ 
tributes much, if anything, to its formation. 

10. The anterior post-telophase migration of the nucleus, preceding plasmot- 
omy, that was reported for Oxymonas minor has been observed in 0. grandis, 
0. megaharyosoma, and 0. notabilis, and was figured previously for Ificro- 
rhopalodina as well. In uninucleate oxymonads, this return of the nucleus to 
its interkinetic position before cytokinesis precludes the assumption of trans¬ 
verse fission which is otherwise implied by later division figures. Consequently, 
the presence of longitudinal ejdiokinesis which is an essential characteristic of 
the Mastigophora is established. In Mierorhopalodina the illustrations sup¬ 
posedly demonstrated cytoplasmic fission without an accompanying mitosis. 
The fact of anterior migration of the nucleus, however, explains this seemingly 
aberrant behavior as normal cytokinesis which has only been delayed until 
after the daughter nuclei, which resulted from division hi the posterior region 
of the body, have returned to their former interkinetic position at the base of 
the rosteUum. In the normal cytoplasmic fission of uninucleate oxymonads, the 
delay results in animals that appear temporarily as binucleate specimens, and 
it is logical to suppose that true bhiucleate oxymonads can result if the period 
is extended indefinitely. From this it may be seen that Connell’s h 3 T)othesis 
that multinucleate oxymonads originated by means of delayed cytokinesis in 
uninucleate animals assumed in addition the presence of nuclear migration. 
The actual existence of anterior post-telophase migration of the nucleus pre¬ 
ceding plasmotomy makes the assumption unnecessary and consequently 
increases the plausibility of the theory. 

11. The spectacular localization of numerous coronas of nuclei throughout 
the body of Barroella coronaria is the result of a modified anterior post¬ 
telophase migration of the nuclei. A tendency to migration following the telo¬ 
phase is retained, but the excessive number of nuclei makes the formation of 
a solitary corona in the limited region at the base of the rosteUum impossible. 
Multiple corona formation at nximerous points throughout the body is sub¬ 
stituted, and the variation serves by force of numbers to accentuate the pat¬ 
tern of behavior and to strengthen the postulate that cytoplasmic division is 
preceded by an anterior post-telophase migration of the daughter nuclei in all 
of the Oxymonadinae. 
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PLATES 


All drawings were made with a camera lucida and reduced by one-third in 
the reproductions. The sketches were made from smears except where it is 
stated that they were made from sections. Unless otherwise stated, all sketches 
of entire animals are sho’vvn at a magnification of X 550 and all detail drawings 
of nuclei at x 1540. J. B. Cross, delineator. 

Abbreviations for methods of preparation: 0, Ohampy^s fluid; D, Delafield^s 
haematoxylin; E, eosin; F, acid fuchsin; FI, Flemming’s fluid; H, Eeidenhain’s 
haematoxylin; Holl, HoUande’s solution; Eegaud’shaematoxylin; S, Schau- 
dinn’s fluid; Z, Zenker’s fluid. 



PLATE 3 
Oxymonas grandts 

Pig. 1. Prophase: detail of nucleus in fig. 2. 

Pig. 2. Entire: prophase; nucleus migrating toward posterior; recurrent 
portion of axostyle forming a loop in cytoplasmic protuberance. Prom Neo^- 
iermes dalbergiae. Holl-H. 

Fig. 3. Prophase: early spindle. Prom N. teotonae. S-H. 

Pig, 4. Prophase: early spindle. Prom N- tectonae, S-H. 

Pig. 5. Prophase: detail of nucleus in fig. 6; early spindle and concentric 
membranes on nucleus. From N, dalbergiae. 

Pig. 6. Entire: prophase; nucleus situated posteriorly; axostyle degenerat¬ 
ing, S-H-P. 

Pig. 7. Late prophase: early intranuclear spindle with tubular poles; one 
blepharoplast. Prom N, dalbergiae. Holl-H. 

Pig. 8. Entire for fig. 7: degenerating axostyle and holdfast; nucleus per¬ 
pendicular to earlier orientation. 
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PL\Tr 4 
0 r \pn >nas (juuifhs 


L itt pi )pli iSL till's i\ost\lts Pioin Af tftlomu C U 
Pig It) MttiphiM chioniitm in tquitoiiil ^>ii(lk Piom V dalVei gieae 
FI R 

Figb n 14 1 ind 12 lit ton^ctutue mi])h'ise stdgtb ^l otice the aiiteiioi 
p ntioii ot the ixost'v Its 

Fig« ii C oniiMU hg 13'With fig 72 Fioni \ clalhagiae Holl H 
Pig 12 Much cui\td t ibltlikt poitions o± bpmdk Compaie 'with fig 51 
Plum A t(Ct(nat Section Holl H 

Pig 14 Isotict the d( finite att ichmtiit of the nutleai mitiix to the axost^k 
Piom \ iectonat S H 
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PL VTE 5 
O'linnona'^ gituuhs 

Fig 1 j lelopinsc nucleus in posttiioi pait ot l) 0 (l> Imt i\osl^ks line 
migiitcd intenoil'S uiulcai matii\ distiiut Piom A dalbn(/lat <J4() 
lloll H 

Fig Ih 'Idupliise tuo diuglitci niicki connected l)^ eihlcliKc poitioii ot 
the spindle ind iceoinininccl 1n uell dc\eloped i\oshl(s (inteiioi and le 
cuneiit poitions) t-vpieil bleplnioplist nnd fligella in uigeimiit Fioni 
^ iettonar 940 SH 

Pig 17 Paiasiti/cd iimnil ihpK il mukub llo\^d^d posteiioiU In 
ibimdincc ot sm ill lods, ixost'j k c\ti louliiuiih p ik Fioin V i((ion(u C II 

Fig IS Xucleii bleplnioplist ind flagelli in ingemeiit Fiom \ 

dalbttfjiae SH 
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PLATE n 
Oiifmoiutf^ pmmUis 

Pij?. 19. Holdtast uttachmeiit io the chitinous Ibiiiig of the tenuito gut; 
anterior and reeuiveiit poitions <if the nxostyle. From A", (lalhtrguu, Hectious. 
S-D-E. 

Fig. 20. Plasmolysis: Liutiated by bxilitting of rostelluui; old holdfast still 
functioning but new growth has replaced almost all of the older structures in 
the rostellum. Prom N, dalheryiae. S H. 

Pig, 21. Early reorganization of nucleus carrying remnant of old cablelike 
portion of spindle. Prom JV. clalheryiae, S-II. 

Pig. 22. Post-telophase anterior migration of the nuclei. See fig. 21 for detail. 
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PLATE 7 
O.it/monas grandis 

Pig. 23. Pcoigaiiization period: arrowhead tip on axostylc, indicating im¬ 
maturity. Prom A. fhtlhcrtfiae, 8-TI-F. 

Pigs. 24 and 27. Teloj>ha&o: Iniiucleate prccedmg plasmotomy; no kaiyosome 
Imt numerous clumps of ehiomatin. Prom X, feolonnr, S-H. 

Pig. 25. Detail of nucleus of fig. 23; large karyoaoine present. 

Pig. 26. Extraordinaiy looped growth of recurvent portion of axostyle fi])ers 
into c;v'toplasinic protuberance. Prom X. dalhergxae. Holl-H. 

Pig. 27. Ree notation for fig. 24. 

Pig. 28. Reorganization of nucleus; karyosome present. Prom .Y. feefovae. 
Section. Holl-II. 

Pig. 29. Anterior nucleus of fig. 39. 

Pig. 30. Late plasmotomy. C^ontrast this dwarf with the giant in fig. 26. Prom 
A", ddlhergiae. S-H. 

Fig. 31. Plasmotomy: earlier than fig. 30; many Flphaerita. Prom N. dah 
l)ergHic, S-II. 

Pig. 32. Anterior nucleus in fig. 31. 
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PLATE 8 

Pigs. 33, 34, 36, Orymonas grandm 
Figs. 35, 37, 38, 0.iymona<i megalaryosoma 

Fig. 33. Post telophase anterior migration of nuclei; nuclear matrix; modi¬ 
fied airoi\head foimation of axostvlea; dividing rostellum. From X. daJhergiae, 
S-H-F. 

Fig. 34. Nucleus and matrix of fig. 33. Central splotch is prohablv remnant 
of eai lier karyosome. 

Fig. 35. Peoiganization stage: neu rostellum forming; old holdfast present. 
Prom Glyptofn me9 sp, nov. 8 H. 

Fig. 36. Cross section of gut of daJherqute: frequent and peculiar ar 
rangemeiit of protozoans. Oiymonas may he lecognized its spheiules, 
Cadiicna h} its much coiled paiabasal, Calonymphn by its sheafiike clustering 
of axost^les, DeietiCovina and Foaina hr then small size and central position. 
V 63, but protozoans drawn larger for clarity. Fl-B. 

Fig. 37. Early plasmotomy: dwarf, rostellum splitting and anowhead tips 
on axostvles. 8 II. 

Fig, 38. Plasmotomy; giant; four nucleate animal; contrast with figure 37. 
8 H. 
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PLATE 9 

Oiipnnnas nu(jalai ifosoma si), iiuv. fiom (rliiptoto uus sp. nov. 

Fig. il9.1)(.*tail ot axostyle slioulder, bleplmioplaat airaugenioiit, and nucleus. 
Pl-R. 

Pig. 40. Detail ot* axostyle slioulder and nucleai matrix, x 1540. H-H. 

Pig. 41. Piophase: eaily spindle; cluomatin massing at equator. S-H. 

Pig. 42. Piopliase: no kaiyosome, Imt clumps of dark-ataimug material 
which are possilily its reimianta. 8-H. 

Pig, 43. Abnormally broad rostellimi showing c>i:oplasmic tibers as reeurvent 
portion of axoatyle. S-II. 

Pig. 44. Entile: foi fig. 41; unusual anterior position for prophase nueleua. 

Pig. 45. Prophage: earlier than fig. 41; karyosome in tx^o clumps; nucleus 
in same position as hi fig. 44. S-H. 

Pig. 40. Propliase nucleus: kaiyosome breaking up; t-v\o small granules ^^’ith 
halo. Pl-R. 

Pig, 47. Entile: usual position of posteriorly migrating prophase nucleus; 
axohtyle largely degenerated. S-II. 

Fig. 48. Proiihase: nucleus of fig. 47, with delicate, amorphous nuclear 
matiix. 

Pig. 49. Prophase: nucleus showing degeneration of dark-stainmg clumps to 
give discrete granules. S-H. 

Pig. 50. Anaphase: cablelike portion of spindle; no karyosome; continuous 
matrix for nucleus and axostyle; young axostyle with anlagen of anterior and 
reeurvent jjortions situated along the peripheral boundary of the nuclear 
matrix. 
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PLATE 10 

Oxymonas megal'aryobma sp. nov. from Qlypiotcrmps sp. nov. 


Fig, 51. Late anaphase: eablelike portion of spindle much arched; karj'o- 
some-like bodies with chromatin massed at either pole; axostyles along the 
peripheral boundary of the nuclear matrix. Compare with fig. 12, »S-H. 

Fig. 52. Metaphase: chromatin massed at equator, forming a girdle; nuclear 
matrix distinct. Fl-R. 

Fig. 53. Telophase: unequal division of the nuclear substance between the 
two daughters; distal polar view' of the larger nucleus. S-H. 

Fig. 54. Trinucleate animal with only two axostyles. S-H. 

Fig. 55. Trinucleate animal: post-telophase antenor migration of nuclei pre¬ 
ceding plasmotomy; no cytoplasmic spherules. S-H. 

Fig. 56. Telophase; fibrillar nuclear matrix with posterior nucleus in addi¬ 
tion to amorphous matrix surrounding both nuclei. Fl-R. 
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PLATE 11 

Oxymonah nofahihi^ &iy, nov. from 2^eofenne^ howa 

Pig. 37. Prophiise; nucleus and accompanying cJear area with fibious bound¬ 
ary; probably an elongation of amorphous nuclear matrix. Z-E. 

Pig. 58. Prophase; very early spindle; distinct nuclear matrix. S-II. 

Pig- 59. Entile: prophase; see fig. 57. 

Pig. 60. Prophase: tubulai achromatic figure; chromatin massed at equator; 
achromatic figure occupies only a small fraction of nuclear volume. Compare 
with fig. 66. S-II. 

Pig. 61. Prophase: later than fig- 60; karyosome piesent; cablelike portion 
of spindle arched. Z-E. 

Pig. 62. Entire: nucleus in usual late prophase position. Pig. 61 gives detail. 

Pig. 63. Early anaphase: matrix contmuons for nucleus and axostyle; axo 
styles attached to poles of intranuclear spindle by fibrils. Fl-E. 

Pig. 64. Entire: usual anaphase position for nucleus; orientation parallels 
long axis of body; fig. 63 gives detail. 

Pig. 65. Late prophase: eablelike poition of intianuelear spindle. S-H. 

Pig. 66. Metaphase: eablelike portion of spindle much arched; typical, 
massed chromatin girdle; definite anlagen of axostyles; distinct nuclear matiix. 
Compare with figs. 58 and 60. S-H. 

Pig. 67. Entire: anaphase nucleus located more anteriorly than usual. S-H. 

Pig. 68. Anaphase: detail of nucleus in fig. 67. 

Pig. 69. Anaphase: an intermediate stage between the nuclei of figs. 66 and 
68. Z-E, 
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PLATE 12 

Otipnouas tuttahilhs bp. iiov. fiom Xeoicrnus lioira 

Fig*. 7iK Entire*: eaily tolox)lijibe; xjolar a'cis of nucleus perpendicular to long 
axis of the body. S H, 

Pig. 71. Telophase: filiiil joining axostyle to anterior pole of intranuclear 
sX)indle. IS-H. 

Fig. 72. Telophase: cablelike portion of spindle shoeing torsion similar to 
fig. 13, of O. grandis. IS-H. 

Fig. 73. Early telophase: detail of nucleus of fig. 70; torsion of cablelike 
portion of spindle. 

Fig. 74. Entire: binucloate, both nuclei in anaphase stage; atypical position 
for ana])hase. S-II. 

Fig. 7o. Detail for fig. 74: two axostyles (half the usual nuinbei and more 
mature). Compare with fig. 153. 

Fig. 76. Entire: usual position of the nucleus at this stage; see fig. 72 for 
detail. 

Fig. 77. Metapliase: biiiucleate; ;voung axostyles for one nucleus; typical 
position and orientation of nuclei. H-H. 

Fig. 78. Entire: biiiucleate in anaphase stage; only half the usual number 
of axostyles. W-H. 

Fig. 79. Entii*e: telophase, hut nucleus not perpendicular to long axis of 
body; degenerating axostyle. S H. 

Fig. 80. Detail of nucleus of fig. 79: telophase stage; daughter nuclei sepa¬ 
rated by considerable length of cablelike portion of spindle. 
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PLATE 13 

Oxymonas notabihf* sp. iiov. from Xt ofeimes Jioxca 


Fig. 81. Detail of left nucleus in fig. 85: oahlelike poition of spindle present; 
anterior and recurvent portions of axostyle evident; definite matrices for 
nucleus and axostyle. 

Fig. 82-Entire: post-telopliase anterior migration of nuclei; cablelike por 
tion of spindle joins nuclei; tno blepharoplast granules barely detectable at 
axostyle shoulder. 940. S-H. 

Fig. 83. Entire: post telophase anterior migration of mielei; nuclei are more 
mature than in fig. 82, having lost their old spindle fibers and having developed 
kaiyosomea; old axostyle remarkably persistent. S-H. 

Fig. 84. Plasmolysis: late. S II. 

Fig. 85. Eaily plasmolysis, folkming post-telophase anterior migration of 
the nuclei. ^-H. 

Fig. 86. Early plasmolysis of a 6-nucleate animal. (V)mpaie with fig. 31, 0. 
(jrandxs, Z P. 

Fig. 87. Looping of recurvent poition of axostyle into cytoplasmic protuber¬ 
ance; retracted axostyle shoulder. 8-H. 

Fig. 88. Very young animal in wliich the axostyle matrix approaches the ap¬ 
pearance of the ““axostyle sleeve” described by Kofoid and Ruezy. R-H. 

Fig. 89. Post-telophase anterior migration of the nuclei. R-TT. 

Fig. 90. Detail of left nucleus of fig. 89: sharply defined matrix for axostyle; 
anterior and recui‘vent portions of axostyle. 
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PLATE 14 

Banoella co) omi) la sp. iiu\. fiom Keolei mes howa var. mauritiana 

Pig. 91. Entire: piopliase nuclei in a lint anteiior position; old axo- 

btvles reisoibed. 940. Pl-H. 

Pig. 92. Entire: giant; anaphase stage; old axostyles degenerating. Z H. 

Pig. 93. Prophase: detail of fig. 91; definite nucleai matiix and spindle foi- 
mation; achromatic figure oceupjdng only a small pait of nuclear volume. 
> 2280. 

Pig. 94. Entire: metaphase; 25 nuclei in almost an identical kinetic stage; 
1 nucleus in inteikinetic condition; a few strands of old axostyle peisisting. 
X 940. Z-H. 

Pig. 95. Metaphase: chromatin massed to form equatoiial girdle; achromatic 
figure occupying most of the nuclear \olume; detail of nucleus from fig. 94. 
y 2280. 

Pig. 96. Entire: 68 nuclei in telophase, 3 in anaphase; 123 axostyles; many 
telophase nuclei accompanied by the typical eombmation of flagella, blepharo- 
plasts, and axostyle. S H. 

Pig. 97. Detail of telophase nuclei from fig. 96; some of the flagella have 
been lost. 

Pig. 98. Detail of late anaphase nucleus in fig. 92. 

Pig. 99. Detail of eailier anaphase nucleus in fig. 92. 

Pig. lOU. Detail of axostyle, blepharoplasts, and flagella ariangement in 
fig. 96. 

Pig. 101. Anaphase nucleus in fig. 96: definite nuclear matiix; cablelike 
portion of spindle. 
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PLATE 15 

BanoeTla coronana sp. nov. from yeoteunes howaxar, maiiritiana 

Pig. 102. Plasniolysis: axostyles dragging across cytoplasmic connection 
between body and “bud.” S-H. 

Fig. 103. Eeorganization: ‘^MierorJiopalodina'* stage, the final product of 
plasmolysis. S-H. 

Fig. 104. Plasmolysis in small animal, pioducing probably two animals 
similar to fig. 103. S-H. 

Fig. 105. Plasmolysis in larger animal, producing probably six animals 
similar to fig. 103. S-H. 

Fig. 106. Detail of nucleus, axostyle, blepharoplast, and flagella association 
from fig. 108. 

Pig. 107. Nucleus from animal similar to fig. 103: extraordinary elongation 
of karyosoine. S-H. 

Pig. 108. Entire: modified post-telopbase anterior migration of nuclei, re¬ 
sulting in the localization in whorls (or corona) of nuclei throughout the liody. 
This is evidently only one stage earlier than fig. 105. FI-H. 

Fig. 109. Entire: modified post-teloj)hase anterior migration of nuclei, in¬ 
dicated by the paralleling orientation of the young axostyles in an anterior 
direction; lecurvent portion of the axostyle stained dark. S-H. 

Fig. 110. Early telophase nucleus, showing the origin of the two axostyles 
along the boundary of the nuclear matrix and the suriounding cytoplasm. 
S-H. 
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PLATE 16 

BauoeUa co)onana &p. nov. tvomNeotermes hoiva ^ar. maujitiana 
Figs,lll-116 

Pig. 111. Detail of nucleus from fig. 112: accumulation of chromatin gran^ 
ules around the cahlelike portion of the spindle, forming the karyosonie. 

Fig, 112, Animal containing 91 a’sostyles and 114 nuclei (counting as 8 the 
4 incompletely divided nuclei). Almost all of the nuclei verify the condition 
shoi\n in fig. 111. S H. 

Fig. 113. Detail of nucleus and axostyle from fig. 115. 

Pig. 114. Early metaphase: girdle not yet compacted; cablelike poition ot 
spindle uell deieloped; chiomosomal fibers evident. S H. 

Fig. 115. A modified post telophase anterior migration of nuclei; majoiity of 
avobtyles oiieiited tow aid the anterior, and less matuie than those seen in 
^‘corona” stage. S-H. 

Fig. 116. Early anaphase. R-H. 

Diagnostic features and characteristic parasites of four Oxymonadinae, 
all drawn 551) > the measurement for the medians 

Fig. 117. Orymnna^ meqakaryosoma sp. nov. from Glypfotermes sp. nov. 

Fig. 118. Ovymonas nofabths si), nov. from Xeotennfs howa. 

Fig. 119. Banoella coronaiia sp. nov. from Xeofermes howa var. mauirtiana. 

Fig. 120. Oxymonas giandis Cleveland from Xeotennes dalhergiae and Xeo¬ 
fermes iectonae. 
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INDEX 

(Names of new species in boldface) 


Amoeba proteus, 85 
Arrowhead tip. See Immaturity 
Axostyle; in Oxymonas, 73, 75; locomotion 
and, 73; staining reaction, 75; ‘‘non¬ 
staining portion,” 75,80; “anterior por¬ 
tion,” 75; “recurvent portion,” 75, 83, 
117; shoulder, 75, 86, 87, 113; in O. 
grandis, 75, 78, 86; arrowhead-shaped 
tip, 77, 88, 104; in 0. megakaryosoma, 

78, 79; in 0. notabHis, 79, 80, 81, 82, 
87,113; in Barroella coronaria, 81, 82, 
84; retractor and cytoplasmic fibers, 83, 
116,117,119; sleeve, 85, 86; in 0. gran¬ 
ulosa, 102; in 0. projector, 102; in O. 
caudata, 104,105; in 0. hubbardi, 110; 
in 0. di-undulata, 114 

Barbulanympha: nucleus, 90; spindle, 91 
Barroella: axostyle, 94,96,122; immaturity, 
96, 122; nuclei, 96; diagnosis, 121; 
rostellum, 122; spherules, 122; blephar- 
oplast-fiagella complex, 122 
Barroella coronaria: life cycle, 81; host re- 
lationdiips, 81; variations, 81; rostel¬ 
lum, 81; axostyle, 81, 82, 87; holdfast, 
81; blepharoplast-fiagella complex, 81, 
82,116; corona, 82; nuclear matrix, 82; 
karyosome, 82, 88; spherules, 82; pd- 
licular symbionts, 82; spirochaetes, 82; 
infestation, 115; diagnosis, 123 
Barroella zeteki, 81; diagnosis, 122; azo¬ 
style, 123; blepharoplasts, 123 
Blepharoplast, 75; in; Oxymonasnotabilis, 

79, O. di-undulata, 114, Microrhopalo- 
dina infiata, 117, M. ocddentis, 120; 
-flagella complex in: Oxymonas grandis, 
75, 87, 0. megakaryosoma, 78, 87, in 
Barrodla coronaria, 81, 82, 116, Oxy¬ 
monas, 97, 98, 99, 116, O. Cleveland!, 
106, 0. hubbardi 111; a diagnostic 
diaracteristic, 116 

Caduceia kalshoveni, 72 
CalcaiitermesbrevicoUis, 108,122 
emaxginicollis, 109,124 
Oalonympha, 72 
Calonymphidae, 96,115 
Chromidii^ 70,77. Bee also Spherules 
Chromosomes: in species, 89, 91; chromatin 
granules in equatorial girdle, 90,92 
Cievdand, L. B., cited on Oxymonas grandis, 
71, 72, 73, 75, 76, 78, 84, 98 


Connell, P. H., cited on: Oxymonas dimor- 
pha, 71, 83, 88, 98, 111; spherules, 76, 
77, 79; multinucleate from uninucleate 
animals, 84 

Cryptotermes brevis, 106 
breviarticnlatus, 107 
dudleyi, 118 
havilandi, 96 
nocens, 95 

Cytokinesis, delayed, 85, 112 
Cytoplasmic fibers. See Axostyle 

Devescovina parasoma, 72 
Dinenympha, 93 
Dinenymphidae, 94 
Binenymphinae, 94 
Diplonympha f oae, 96 

Ecdysis: nonfeeding period of, 70; Oxy¬ 
monas following, 71; 0. dimorpha fol¬ 
lowing, 83 
Elodea, 73 
Eucomonympha, 90 

Flagella; locomotion and, 73; in: Oxymonas 
granulosa, 98,101, 0. di-undulata, 113, 
Microrhopalodina mflata, 117, M. mul- 
tinucleata, 120. Bee also Blepharoplasts 
Foaina nana, 72 

Glyptotermes from Uganda, 72, 78, 112 
barbouri, 107 
parvulus, 96 

Hezamastir, 72 

Holdfast, 73,76; in: Oxymonas grandis, 76, 
86,0. megakaryosoma, 78,0. notabilis, 
80 

Holomastigotes, 93 

Host relationships: in Oxymonas grandis, 
71, 78,0. megakaryosoma, 78 

Immaturity: arrowhead-shaped tip indicat- 
ing, 77, 79,88,104; in Barroella, 96; in 
Microrhopalodina, 115,119 
Intima: value of, during ecdysis, 70, 76; 

spirochaetes bordering, 76 
Intranuclear spindle: in Oxymonas grandis, 
71; in 0. granulosa, 83; in O. notabilis, 
89, 91; from astral rayi^ 89; cablelike 
portion of, 90, 91, 92; origin, 92; a 
diagnostic characteristic, 94 
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University of California Puilications in Zoology 


160 

Janicki, C., cited on: spherules in Oxymonas 
granulosa, 77, 101; kinesis, 83; intra¬ 
nuclear spindle, 83 

Kalotermes brouni, 113 
Cleveland!, 105 
flavicoUis, 72, 95,115,117 
hubbardi, 110 
jouteli, 108 
magninotus, 103 
minor, 71,110 
nigriceps, 103 
oceidentis, 115,120 
perparvus, 102 
perezi, 104 
tabogae, 105 
tuberculatus, 86 
Kalotermitidae, 67 

Karyosome in: Barroella coronaria, 82, 88; 
Oxymonas barbouri, 100; O. brevis, 
100; O. megakaryosoma, 78, 79, 88, 89, 
113; O. parvula, 100; 0. pediculosa, 
100 

Kinesis, in Oxymonas megakarysoma, 79 
Kirby, H., cited on; Microrbopalodina mul- 
tmucleata, 76, 83, 88; nuclear migra¬ 
tion, 84, 117; flagella in Oxymonas 
bubbardi, 111; mitosis in oxymonads, 
117 

Kirbyella, 96,121,122. See also Barroella 
zeteki, 122 

Kofoid, C. A., and Swezy, O., cited on: axo- 
style sleeve, 72,85,86,102; concave sur¬ 
face of tip of rosteUum, 76, retractor 
flbers, 83, 102, reproduction, 84, Oxy¬ 
monas projector, 102 

Localization. See Nucleus 
Locomotion, 73 
Lopbomonadidae, 93 
Lophopbora, 94 

Materials, 68; recording specimens, 68; 
smears, 68, 114; living specimens in 
darkfleld ilLuniination, 69, 73, 97, 98; 
methods of preparing gut sections, 69, 
72; serial dides, 70; Feulgen method, 
70, 88; distortion of specimens, 72; 
staming reaction, 75. See also Measure¬ 
ments 

Matrix sleeve. See Nu<flear matrix 
Measurements: computation of, 68; length 
of body ratios, 68; karyosome-balo ra¬ 
tio, 69; difficulties, 100 
Metapbase girdle, S3 


Microrbopalodina; in synonymy -with Probo- 
sidiella, 96, 116; axostyle, 96, 116; 
diagnosis, 114; immaturity, 115; multi- 
nucleate, 115; blepharoplast-flagella 
complex, 116; rostellum, 117 

Microrbopalodina bofbianni: diagnosis, 
120; axostyle, 121; mitosis, 121; hold¬ 
fast, 121 

Microrbopalodina inflata; diagnosis, 117; 
life cycle, 117; blepharoplast, 117; fla¬ 
gella, 117 

Microrbopalodina multinncleata, 76; ros- 
tellum, 88; posterior migration of nu¬ 
cleus, 83,117; diagnosis, 118; axostyle 
shoulders, 118; pellicular symbionts, 
119; flagella, 119, 120; cytoplasmic 
flbers, 119; neuromotor system, 119; 
immaturity, 119; nuclear matrix, 119 

Microrbopalodina oceidentis: axostyle, 118, 
120; diagnosis, 120; rostellum, 120; 
blepharoplasts, 120 

Mitosis: absence of, 77; in Microrbopalo¬ 
dina multinucleata, 83, 117; in multi- 
nucleate oxymonads, 84, 88, 93 

Morphology, special studies. See Barroella 
coronaria; Oxymonasgrandis; 0. mega¬ 
karyosoma; 0. notabHis 

Neotermes connexus, 95,101 
dalbergiae, 71,112 
erythraeus, 96 
bowa, 79,113 

var. mauritiana, 81 
tectonae, 71,112 

Neuromotor system, 72, 86, 119 

Nuclear matrix: in species, 76, 78, 80; mat¬ 
rix sleeve, 76, 80; clear area, 83, 85; a 
halo, 83; surrounds nucleus, 85; at¬ 
tached at shoulder, 86, 119; origin of 
axostyle and, 86, 87 

Opistbomitus avicularis, 115 

Oxymonadidae, 94,96 

Oxymonadinae: geographical distribution, 
67, 71; diversifleation, 67, 74; varia¬ 
tion vsitbin species, 67; evolutionary 
development, 67; uninucleate species, 
78, 97; mitosis, 83; genera, 95; diag¬ 
nosis, 95 

Oxymonas: after eedysis in host, 71; dis¬ 
tribution, 71; locomotion, 73; flagella, 
73; axostyle, 73, 87, 88; cytoplasmic 
protuberances, 73; intracellular para¬ 
sites, 78; rostella, 93, 96; mitosis, 93; 
reproduction, 92; immaturity, 93; 



161 


Cross: The Flagellate Subfamily Oxymonadinae 


representative morphology of, 97; 
diagnosis, 97; neuromotor system, 97; 
rostellum, 97, 98; blepharoplast-flagella 
complex, 97, 98, 99,116; key to species, 
100; evolutionary pattern in. neuro- 
motor units, 112 

Oxymonasbarhouri: karyosome, 100; diag¬ 
nosis, 107; cylical development syn¬ 
chronized, 108 

Oxymonas brevis; karyosome, 100; diag¬ 
nosis, 106; comparison with: O. minor, 
106, 0. parvula, 106, 107, O. gracilis, 
107 

Oxymonas caudata: axostyle, 101,104,105; 
diagnosis, 104; spirochaetes, 105 

Oxymonas clevelandi: axostyle, 101; hosts, 
105; diagnosis, 106; halo, 106; local¬ 
ization of symbionts, 106; comparison 
with 0. hubbardi, 106; blepharoplast- 
fiagella complex, 106 

Oxymonas dimorpha: life cycle, 71, 98; mi¬ 
totic figures of, 83; diagnosis, 111; 
rostellum. 111; nucleus compared, 111; 
spherules, 111; axostyle. 111; nuclear 
matrix. 111 

Oxymonas di-undulata: key to, 101; diag¬ 
nosis, 118; fiageUa, 113; axostyle 
beeves, 114; blepharoplasts, 114; axo¬ 
style, 114; comparison with O. kirbyi, 
114 

Oxymonas gracilis: key to, 101; diagnosis, 
103; arrowhead-shaped tip on axostyle, 
104 

Oxymonas grandis: hosts, 71; life cycle, 71; 
intranuclear spindle, 71, 88, 90; rostel- 
Inm, 72, 73, 77; external parasites, 72; 
cytoplasmic protuberances, 73; hold¬ 
fast, 73, 76; axostyle, 73, 75, 78, 86; 
blepharoplast-flagella complex, 75, 87; 
nuclear matrix, 76, 78, 86; nucleus, 77, 
78, 88; immaturity, 77, 100; spherules, 
77; pellicular symbionts, 77; spiro¬ 
chaetes, 77; host relationships, 78, and 
morphological modifications, 78; karyo¬ 
some, 88, 89,100; diagnosis, 112 

Oxymonas granulosa: axostyles, 83,88,102; 
intranuclear spindle, 83; nucleus, 89, 
102; comparison with Microrhopalo- 
dina, 95; fiagella, 98, 101; spherules, 
101; karyosome, 102; spindle, 102; nu¬ 
clear matrix, 102 

Oxymonas hubbardi: key to, 101; diagnosis, 
110; comparison with 0. develandi, 110, 
1X1; axostyle, 110; rostellum, 110; 
blepharoplast-fiagella complex, 111 


Oxymonas jouteli: key to, 100; diagnosis, 
108; immaturity, 108; variability di¬ 
minished, 108 

Oxymonas kirbyi: key to, 101; diagnosis, 
105; matrix sleeves, 105; blepharo¬ 
plasts, 105; nuclear matrix, 105; size of 
nucleus, 105 

Oxymonas megakaryosoma: host, 72, 78; 
axostyle, 78, 79; comparison with O. 
grandis, 78 ff.; karyosome, 78, 79, 88, 
89,110,113; host relationships, 78, and 
morphological modifications from, 78; 
blepharoplast-flagella complex, 78, 87; 
rostellum, 78; holdfast, 78; nuclear 
matrix, 78, 80; rhizoplast, 79; nucleus, 
79, 90; spherules, 79; kinesis, 79; pel¬ 
licular symbionts, 79; spindle, 88, 90; 
diagnosis, 112 

Oxymonas minor: comparison with O. gran¬ 
dis, 71, and O. dimorpha, 71; nuclear 
migration in, 83, 84; key to, 101; diag¬ 
nosis, 110 

Oxymonas notahlUs: host, 79; life cyde, 
79; immaturity, 79; blepharoplasts, 79; 
axostyle, 79, 80, 81, 100, and "non¬ 
staining portion,” 80; holdfast, 80; 
nuclear matrix, 80, 82; nucleus, 80; 
spherules, 80; pellicular symbionts, 80; 
spirochaetes, 80; binudeates in, 87; 
spindle, 89; diagnosis, 113; shoulder of 
axostyle, 113 

Oxymonas ovata: karyosome, 100; host, 
108; diagnosis, 109; comparison with 
O. rotunda, 109; "with O, barbouri, 109 

Oxymonas panamae, 98,103,104 

Oxymonas parvula, 97; karyosome, 100; 
diagnosis, 104 

Oxymonas pediculosa: karyosome, 100; diag¬ 
nosis, 103 

Oxymonas projector: key to, lOO; diagnosis, 
102; neuromotor system, 102,103; axo¬ 
style, 102; nudear matrix, 102 

Oxymonas rotunda: key to, 100; diagnosis, 
109; comparison with 0. ovata, 109, and 
with O. barbouri, 109 

Oxymonas snyderi; key to, 101; diagnosis, 
107; comparison with 0. brevis, 107 

Paraneotermes simplicicomis, 111 

Parasites, in Oxymonas grandis: external, 
72; intracellular, 78 

Pellicular symbionts, 77: in Oxymonas gran¬ 
dis, 77, 79; in O. megakaryosoma, 79; 
in O. notabilis, 80; in Barrodla zeteki, 
123 
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Planocryptotennes noceas, 118 
Post-telophase period, in Oxymonas grandis, 
75 

Proboscidiella, 95; in synonymy with Micro- 
rhopalodina, 116 
Hofmanni, 120 
kof oidi, 118 
multinucleata, 118 
oecidentis, 120 

Protuberances, cytoplasmic; in Oxymonas 
grandis, 73: in 0. notabilis, 80 
Pseudotrypanosoma, 94 
Pyrsonympha, 93, 94 
flagellata, 93 
vertens, 93 

Pyrsonymphidae: diagnosis, 93; name cor¬ 
rected to, 94; chronological priority 
of, 95 

Pyrsonymphinae, 94,97 

Beproduction: refaunation, 71; historical 
account, 83; mitosis in species, 83, 92; 
production of multinucleate from uni¬ 
nucleate animals, 84, 85, 92; plaamo- 
tomy, 84, 85, 87, 88, 93; nuclear migra¬ 
tion in piophase, 84, 85, 89, 90, 92; 
metaphase 84, 90, 92; anaphase, 84, 90, 
92; telophase, 84, 90, 91; interkinesis, 
87; in Oxymonadinae, 92. See also Nu¬ 
clear migration 
Beticulitermes davipes, 93 
Betractor fibers. See Axostyle 


Bostellum: retraction of, 72, 73, 77,119; in 
Oxymonas grandis, 72, 73; in Barroella 
coronaria, 81; in Microrhopalodina mul- 
tinudeata, 88 

Bugitermes panamae, 89,103,104 
kirbyi, 105 

Saccinobaculinae, 94, 97 
Sphaerita, 78 

Spherules: volutin not present in, 70; ia 
Oxymonadinae, 70; in Oxymonas gran¬ 
dis, 77; in 0. megakaryosoma, 79; in 0. 
notabilis, 80; in Barroella coronaria, 82 
Spirochaetes, 76, 77 
Spirotriehonympha flagellata, 93 
Stephanonympha silvestrii, 72,96 

Tricercomitus, 72 
Trichomonadidae, 94 
Trichonympha, 90 

XJrinympha, 90 

Variations in Oxymonadinae, 67; in Bar- 
roella coronaria, 81; in size, 99 
Volutin, 70,77 

Zeliff, 0, 0., cited on: ehromidia, 70, 77; 
intranuclear spindle, 83; nuclear migra¬ 
tion, 84; splitting of chromosomes, 90; 
size, 99; Oxymonas pediculosa, 103; 0. 
ovata, 109 
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GiaANTOMONAS HERCULEA DOGIEL 
A POLYl^IASTIGOTE FLAGELLATE 
WITH FLAGELLATED AXD AMOEBOID PHASES 
OF DEVELOPMEInT 

BY 

HAEOLD KIEBY 


INTRODUCTION 

The protozoologist V. A. Dogiel, traveling in British East Africa in 1914, 
examined the termite Hodotennes mossamhicus for intestinal protozoa. He 
found a number of flagellates and published accounts of them in 1916,1917, 
and 1922. In 1934 and 1935 I examined many colonies of Hodotermitinae in 
Tanganjuka Territory’ and various parts of South Africa. This report is an 
account of one of the flagellates, the only polymastigote that I observed. The 
other flagellates are hypermastigotes. In addition to the flagellates, there are 
sometimes present small amoebae and a species of NyctotJieriis, Dogiel re¬ 
ported a small trichomonad, Trichomonas macrostoma, in all specimens of 
Eodotermes mossanibicus that he examined; but I did not find that flagellate. 

In his paper on the Tetramitidae (1916) Dogiel put different stages of the 
polymastigote flagellate, of which I am now giving an account, into two dif¬ 
ferent genera. He named the flagellated, nondividing form Qigantomonas 
hercidea, and the amoeboid and dividing forms ilyxomonas polymorpha, A 
suggestion that Myxomonas and Qigantomonas are the same flagellate was 
published in a paper by Connell (1932). He thought it possible that the 
Myxomonas types represent only dividing and degenerating individuals of 
Qigantomonas herculea. My studies of living material in Africa convinced 
me that the amoeboid forms are not degenerating, but that they represent a 
phase in development that is as truly amoeboid as are comparable phases in 
Dimastigamoehagruberi and Tetramitiis rostratus (Bunting, 1926; Hollande, 
1942). This phenomenon has not before been reported as such in a flagellate 
so complex as Qigantomonas herculea. 

Two protozoa are known in which, as a normal event in the life cycle, there 
is persistence of the paradesmose in a binucleate, amoeboid phase: Qiganto¬ 
monas hercidea and Dientamoeba fragilis. These species differ greatly from 
one another in many respects, and the evolutionary relationship between the 
two seems to be remote. Nevertheless, the feature in which they are similar 
probably has significance in relation to the systematic position of Dientamoeba, 
as I have brought out in a section of this paper. 

A fellowship from the John Simon Guggenheim Foundation made it pos¬ 
sible for me to collect the specimens. Assistance in the work in Africa was 
given by Margaret Thomson Kirby. Technical assistance in preparation of 
the material and in a preliminary survey of the slides was given by Dr. Joy 
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Barnes Cross. Many of tlie drawings were made by Mr, Carl M. Stover, Miss 
Entb Abbott, and ^Jtlrs. Marietta Voge, The Work Projects Administration 
made possible the translation of tbe Russian article by Dogiel, and grants 
from tbe Research Committee of tbe University of California furthered tbe 
work. Tbe termites were determined by Professor A. E. Emerson. 

MATERIALS AND METHODS 

Tbe Hodotermitinae of Africa are differentiated into three well-marked types, 
which have been assigned to different genera (Emerson, 1942). In North 
Africa, Anacanthotermes ocliraceus is present. In East Africa there is Eodo- 
termes mossambicns. That species extends into South Africa, where micro- 
liodotermes viator is also present. In both Hodotermes and Microhodotermes 
several other African species have been described, and subspecies have been 
differentiated, but Professor Emerson thinks that in Africa there may actually 
be only one species of each. The flagellates of AnacantliotermeSy which corre¬ 
spond closely, if they are not identical, in several species of this genus of 
termites in Africa and Asia, are very different from those of Hodotermes and 
Microhodotermes, In its flagellate faiinules, Anacanthotermes is markedly 
separated from the other two genera. Hodotermes mossarnbicus and Micro¬ 
hodotermes viator have flagellate faunules that are similar but not identical: 
some species of flagellates in both are the same, others closely related. My 
material, secured from many different localities in South Africa, probably 
contains a number of the types reported as species by Fuller (1921). Even if 
there is a valid differentiation of the termites, however, they all—^within each 
genus—^appear to be identical in protozoan faunules. Oigantomonas hercidea 
occurs in both Hodotermes mossambicns and Microhodotermes viator, 

Hodotermitinae live in a very different manner from Kalotermitidae. The 
latter usually occur in more or less sound dead wood, within which all forms 
live in the cavities they make; the termites feed on this wood, and no form 
except the winged adult ever normally occurs outside the wood. Hodotermi- 
tinae inhabit nests underground; from the nest cavity galleries extend to the 
surface of the ground, and the termites may penetrate the walls of houses 
built of mud bricks. The workers forage in the bright sunshine from the open¬ 
ings at the surface of the ground. They collect such objects as grass stems, 
fine twigs, and pine needles, which they take into the burrows; and they ingest 
fragments of this vegetable matter. 

The termites were collected either on the surface of the ground or by spad¬ 
ing off the small mound of loose earth that often covers the entrance of bur¬ 
rows, and that may contain some workers and soldiers. After collection, it was 
found necessary to make preparations with as little delay as possible. Kalo- 
termitidae could be put in closed containers with wood or paper and would 
often live indefinitely; after they had been placed four days or so on filter 
paper, division stages of the flagellates frequently resulted. When hodo- 
termitins were put in containers with dry grass and some moisture, the popula¬ 
tion of protozoa became much reduced within a day or so, and the termites 
lived only a few days. 
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The preparations were made on cover glasses, fixed in Schandinn’s or 
Flemming's fluid, and stored in alcohol until I returned to Berkeley, when 
they were stained in Heidenhain’s iron-haematoxylin or Delafield's haema- 
toxylin. In addition, intestines were removed entire and fixed without opening 
them; these were subsequently sectioned and stained in the same manner as 
the cover-glass films. Studies of living material were made in the field. 

DOGIEL'S ACCOUNT OF GIGANTOIIONAS HERCULBA 
AND IIYXOMONAS POLTilOEPHA 

(Pig. A, 1-9) 

DogieTs article (1916) is in Russian and English. The latter section gives the 
report in abbreviated form; it is not a translation, but it is more than an ordi¬ 
nary summary. The r6sum6 of his account which I give here, in order to show 
how published knowledge of the flagellate stood for thirty years, is written 
from a translation of the Russian text. 

The preparations studied by Dogiel consisted mostly of films made directly 
from the contents of the intestine of Hodotermes mossambiciis and fixed in 
Schaudinn’s fluid. In addition to making these, he emptied the contents of the 
digestive tract into Gilson’s, Schaudinn's, or Flemming’s fluid in test tubes, 
and made whole mounts and sections from the material that settled in the 
tubes. He did not report any observations on Ihing material. 

Dogiel considered that the flagellated form to which he gave the name 
Gigantomonas herctdea (fig. A, 1) greatly resembles Trichomonas^ but is much 
larger, reaching a length of 60-70jw.. At that time those Trichomonadinae of 
termites that reach even larger dimensions— Trichomonas termopsiiis, Tricho¬ 
monas immsi, and Pseudotrypanosoma giganteum —^were unknown. He be¬ 
lieved that the structures of Gigantomonas and Trichomonas are altogether 
comparable to one another, though that is not true, as I will bring out later in 
my own account. He found four free flagella, all of which as shown in his fig¬ 
ures are extended anteriorly; apparently, then, he compared these to the four 
anterior flagella of the trichomonad which he placed in the same paper in the 
subgenus Tetratrichomonas. These flagella were diflEerentiated into one main 
flagellum, which is considerably longer than the whole body, and three very 
short accessory ones. He remarked upon^he difficulty of seeing the flagella 
in his preparations, and it is clear that he did not observe them as they 
actually are. 

He reported an undulating membrane which extends the full length of the 
body and is turned in a spiral. He described this membrane as not projecting 
above the surface of the body, but lying within a furrow, and thickening from 
its outer margin to its base. He designated the outer boundary as the marginal 
flagellum, which had no free terminal part. His observation of this structure 
led him to doubt the validity in Trichomonas of the differentiation of an inde¬ 
pendent chromatic basis (now known as costa), because in Gigantomonas he 
saw only a gradual thickening and intensification of staining, instead of a 
sharply differentiated structure. As I will show later, the structure which 
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he regarded, as the nndiilating meiabrane is the cresta, and the long free 
flagelliun is the trailing flagellum, which under normal conditions follows the 
edge of the cresta. 

He observed the axostjde as a thick spindle-shaped structure, projecting 
for a distance of 20-30/* from the main body and covered in the projecting 
part by a thin plasmatic film. He believed it to be composed of numerous fine 
fibrils, and stated that it does not stain vith Heidenhain‘'s iron-haematoxylin. 
In one specimen the axostyle was found entirely enclosed in an amoeboid body, 
and there were no flagella (fig. A, 2). 

No division stages of the flagellated form named Giganfomonas lierculca 
were found. Dogiel did not realize that he was observing these division stages 
in the amoeboid forms that he put into a separate systematic category as 
Myxomonas polymorpJia, 

Dogiel stated that in Myxomonas polymorplia the amoeboid state, which is 
infrequent in Gigantomonas, has become constant, and the eytostome and free 
flagella are lost. He described a series of forms, designated as tjT)es A to F. 
These forms were not supposed to be differentiated genetically; he was merely 
separating different phases of the life history. 

Type A of IT. polymorplia (fig. A, 3) is the form which, according to Dogiel, 
resembles Trichomonas most closely. Even more appropriately, he might have 
compared it directly with G. herciilea, especially with the amoeboid, aflagellate 
specimen (fig. A, 2) which he had assigned to that species. Its size is compa¬ 
rable to that of (?. herculea, and its shape, though ‘“amoeboid” in outline, is 
somewhat similar. The organelles of type A consist of a single nucleus, an 
undulating membrane, and an axostyle. The nucleus, by DogieFs account, is 
at one end of the body, is large and spherical, and contains a linin network 
and chromatin concentrated in one large karyosome or two to five smaller ones. 
Vith the nucleus is closely associated the anterior part of the undulating 
membrane which, he stated, resembles the membrane of Giganfomonas. He 
found a distinction between the two membranes in the structure of the exterior 
edge. In Myxomoitas there are said to be more undulations and a supplemen¬ 
tary filament parallels the border filament. Dogiel compared these two fila¬ 
ments to the two filaments that had been described in the membrane of some 
trichomonads; he considered one of them to be a border flagellum, which in 
some circumstances becomes separated. He failed to make the correct inter¬ 
pretation of the relationship between this structure and the flagellar organiza- 


Pig. A. Oiganiomonas herculea Dogiel from ISodoiermes mossamhicui. Diagrams copied 
from figures by Dogiel, 1916, labeled according to bis designation. 1. Oiganiomonas her- 
culea. "nie supposed one long and three short anterior flagella aie the trailing flageUxun that 
foUows the edge of the cresta and the proximal parts of the three true anterior flageUa, 
the full length of which was not seen. 2. Amoeboid form of 0. herculea, with the axostyle, 
large cresta, and ingested particles. 3-9. Myxomonas polymorpha. S.T^^e A.This is much like 
fig. 2, except that the core of the axostyle is deep-stained. 4. Type B. Similar to A except that 
no axostyle is shown. 5. Type C. Large amoeboid body, one nucleus, small cresta, which 
Dogiel caUed an undulating membrane. 6, Type D. Early division with spindle, no axostyle 
or cresta. 7. Type D. Later stage, with well-developed crestas. 8. Type E. Large amoeboid 
body. Two nuclei, each associated with a small cresta; no spindle. 9. Type P. SmaU body, 
with one nucleus and small cresta, supposed to originate from type E. These diagrams vary 
in the scale of magnification. 
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tion lie liad found in G. herculea, wMeh I will bring out later. The axostyle 
was reported to consist of a lighter peripheral layer and a black axis (after 
Heidenhain’s iron-haematoxjdin). It was always found entirely enclosed in 
the body. Dogiel stated that there are no anterior flagella, but he was not 
certain on this point. He reported his observation of two specimens, each of 
which had two black granules at the anterior end of the membrane, and in 
one of these two fine threads extended from a granule out of the body (his 
pi. 1, fig. 13). 

Dogiel described as type B of M, polymorpha (fig. A, 4) a form similar to 
tj^e A but lacking the axostyle. In size ti^pe B is similar to the other form, 
but more small specimens occur. The membrane is more often coiled around 
the nucleus in one plane, as appears in the figure. The nucleus is said to lack 
a karyosome. Usually, as in type A, there are no food mclusions. 

Individuals of type C (fig. A, 5) are reported to vary greatly in size and 
shape. They have the appearance of large amoebae. There is a single nucleus 
and a very small undulating membrane; axostyle and flagella are absent. 
The form is further distinguished from the preceding ones in the structure 
of the protoplasm. There is an outer zone of ectoplasm, which may varj" in 
thickness in different parts of the body, and appears radially striated. The 
nucleus possesses a large spherical or more often elongated karyosome. Dogiel 
regarded the undulating membrane as rudimentary in character. A second 
filament, paralleling the border filament, can be found in some preparations. 
Usually there are no food inclusions. Some specimens of this type have be¬ 
come rounded up, and the cytoplasm is filled with ehromidia that originate 
from the nucleus. He believed that these are forms preparing for encystment, 
and that their development is comparable to that of encysting phases of some 
“Trichon^-unphidae*' in the same Hodotermes. He did not, however, find defi¬ 
nite cysts with a cyst membrane. 

Tjpe D consisted of the forms showing various stages of nuclear dmsion. 
According to his account, a fibrillar, stainable spindle develops on the surface 
of the nucleus; thread-formed chromosomes appear within the nucleus; and 
after nuclear division the separated nuclei continue to be connected by the 
spindle (fig. A, 6,7), which elongates and sometimes becomes arched. In what 
he regarded as the early stages following this division (fig. A, 6), he observed 
no axostyle or undulating membrane. After the nuclei have returned to the 
resting condition, he stated, new undulating membranes begin to form. Dogiel 
found a series in growth of the membrane from a short filament closely applied 
to the nucleus to a structure as large as that in types A and B (fig. A, 7). 
Fission of the body separates the two nuclei with the corresponding undulat¬ 
ing membranes, and divides the spindle into two parts. Dogiel believed that 
the spindle gives rise to the axostyle of the type A flagellates, but that in some 
forms it is absorbed so that type B flagellates without an axostyle result. 
Type D specimens almost always contained many food inclusions, consisting 
of particles of wood and other vegetable matter. Numerous spores, probably 
of fungi, were often also present. 

Type E consisted of large amoeboid specimens with two nuclei (fig. A, 8). 



Kirby: Gigantomonas herculea 169 

^ith each nucleus is associated a very small undulating membrane, and no 
persisting spindle is present. Dogiel found small rounded bodies (fig. A, 9) 
with nuclei and small membranes like those in type E, and believed that these, 
type P, resulted from the breaking up of tj^pe E individuals into balls of 
cytoplasm, some of which might contain nuclei and others not. 

Dogiel believed that type C, with a large amoeboid body, a single nucleus, 
and a small undulating membrane, represents the fundamental form of Myxo- 
monas polymorplia. These individuals may undergo nuclear division, and 
become binucleate amoebae of type E, in which two nuclei and membranes 
of the same sort as in type C are present; but he did not report dhdsion stages 
leading to that form. He stated that these binucleate amoeboid forms divide, 
becoming smaller and giving origin to type D, or under abnormal conditions 
they break up into balls, gmng type P. He found a division series in type D, 
and the result of division is an indmdual of type A or type B. Dogiel thought 
that the last two types might be concerned in sexual reproduction, but he had 
no evidence for that opinion. 

My observations on the same flagellates, although not complete, have verified 
most of the descriptions that Dogiel gave, but since I have had more stages 
and have been able to work out more detail, a more plausible interpretation is 
now possible. That this is needed is obvious, in view of the way in which this re¬ 
markable flagellate has been misunderstood by protozoologists. 

OBSEEVATIONS ON LIVING MATERIAL 

(Pig. B, 1-12) 

Upon examination of the gut contents of Hodotermes mossambicus near 
Mbeya in Tanganyika Territory I found, in addition to the hypermastigotes 
and a small amoeba, flagellated polymastigotes corresponding to Giganto- 
monas herculea and rather large amoeboid forms corresponding to what 
Dogiel described as Myxomonas polymorpha. 

The flagellated form, when unaltered, has a shape similar to that of many 
deveseovinid flagellates. The body is elongate-oval in outline (fig. B, 1) and is 
circular in cross section. The axostyle is a refractile rod which extends beyond 
the posterior end of the body in a pointed spike. The cresta extends from the 
anterior end to near the posterior end, and it is turned in a spiral of about one 
gyre. It lies entirely within the cytoplasm, and it does not undulate j only 
the flagellum at the outermost edge undulates. At the anterior end is a mobile 
papilla along which the anterior flagella extend. 

The body changes shape readily and generally at once assumes an amoeboid 
form when placed in 0.67 per cent salt solution. VTien a preparation is first 
made, one sees what appear to be small amoebae, many of which show a 
erenulated margin. After a few minutes the anterior flagella may appear and 
the organisms resolve themselves into typical flagellated Gigantomonas her- 
ctdea as described in the preceding paragraph. As the preparation gets older 
they revert to amoeboid forms. Close observation of the amoeboid forms re¬ 
veals the clear area of the cresta, which is curved more or less in a circle. In 
many specimens there is no evident movement; in others a feeble undulation 
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of the trailing flagella Tvithin the cytoplasm or on the surface may be observed. 
The asostyle may be completely enclosed -within the c3^osome. These amoeboid 
foi-ms of Qigantomonas (fig. B, 2, 3), which evidently are the result of ex¬ 
posure to an unfavorable envii-oument, correspond to what Dogiel described 
as T.'V'pe A of Myxomonas pohjmorpha. They are the forms that ai*e usually to 
be fo\and in preparations, since alteration of form ocem-s rapidly. The anterior 



Fig. B. Qiganio))\ona& horculea from Modotennes niOhi>aml)icuii, Freoliand sketches made 
from living inateiial, not drawn at the same relative magnification. Fig. 1 is on a larger scale 
than the others. 1. Flagellated form with posteriorly projecting axostyle. 2. Oicsta curved 
in anterior part of body, which has an amoeboid form. 3. Clear ectoplasm spread out in a 
thin layer against the cover glass. 4. Amoeboid form, which showed activity in drawing in 
parts of the body and changing shapo. This eventually drew up into a rounded form, in which 
the axostyle trunk was curved and the cresta could be seen. 5-9. Forms assumed at intervals 
of a few minutes by the same amoeboid Oiffantomoruis, In 5 and 6 vacuoles are shown which 
contained a small, active flagellate. 10. A large amoeboid form -with a broad, clear proto¬ 
plasmic zone showing many pseudopodial protuberances. This broad zone appeared on one 
side of many apparently normal specimens. 11. Amoeboid body containing three coUapsing 
vacuoles, only one of which was evident at a time. 12. Amoeboid body containing eight col¬ 
lapsing vacuoles. Only one vacuole was seen to collapse at once, and there was generally a 
rather long interval before another one collapsed. Vacuole 4, however, remained expanded 
while three others formed and collapsed j eventually vacuole 4 collapsed also. At ono edge 
an inclusion is being extruded. 
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flagella are sometimes seen and sometimes not; that may be a consequence 
of the teeliniqiie of preparation, or perhaps tlie flagella are cast off. 

The larger amoeboid forms (fig. B, 10) suggested the amoebae which I had 
observed a short time beFore in Cuhifermes sp. near Nairobi, and which have 
been described by Ilendorson (1941). Thei*e were some amoeboid forms which 
in size and activity resembled Endamoeba i^elhicida, and others which sug¬ 
gested the larger amoebae of Cubitermes — E. granoba and E, lutea —in size, 
and were very sluggish in activity. As it was not possible to study in living 
material the state of nuclear development in these amoeboid forms, they can¬ 
not be fully correlated with the stained preparations, but there is no doubt 
that they belong in the life history of Gigantomonas liermlea. The true 
amoebae found in the preparations were very small forms, not abundant, and 
present in only a few of the termites. The 3 ’^ were very sluggish, with a ^%max 
type” of locomotion. 

Some of the smaller amoeboid forms showed in the cj^toplasm slow stream¬ 
ing in various directions, much slow er than is usual in amoebae of the proteiis 
type. Most of tlie larger amoeboid forms remained rounded up in the salt 
solution in which they were examined. Others were observed to change shape 
slowl}’’. Long narrow processes now^ and then appeared; often these seemed to 
be drawn out in locomotion, -with their ends attached to the glass. Eventually 
some such processes snapped and the parts belonging to the cytosome were 
drawn iu. Broad pseudopodia were slowly pushed out. One or more lobes were 
thrust out from various parts of the body; these gradually changed their 
outline and position, or were withdrawn (fig. B, 5-9). Often the changes were 
so slow that they could scarcely be watched, and practically no internal stream¬ 
ing could be seen. Some of the organisms showed a Umax type of locomotion, 
in limited degree, but this \vas not frequent or continuous enough to be alto¬ 
gether comparable to that of Endamoeba pellucida. 

Ill some of the amoeboid forms pi’acticallj’' no ingested bodies were seen; 
others conlained a number of long vegetable fibers and fragments of plant 
material. Fi'om one specimen a fiber was observed to be extruded. Small hyper- 
mastigotes were enclosed within vacuoles in one specimen. Some contained a 
BpJiamla-like organism, and others had numerous larger structures in the 
cytoplasm, which evidently were the symbiote described below under the 
designation Ghl. 

In some specimens a clear zone of ectoplasm was conspicuous; in others, 
except in the region of forming pseudopodia, there was no part free from 
minute, refractile cytoplasmic granules. Often a clear area was especially 
prominent on one side, knobbed by short amoeboid processes (fig. B, 10). Rela¬ 
tively clear cytoplasm was sometimes spread out against the glass, and gran¬ 
ules in it were often arranged so as to foim striations (cf. fig. A, 5). 

The peripheral cytoplasm of some specimens contained many vacuoles, and 
some of these were observed to enlarge and collapse. In one specimen (fig. B, 
12) eight vacuoles were seen to do this. Only one collapsed at a time, and there 
was a rather long interval before another did so. Apparently the same vacuole 
did not form again, since each one that collapsed appeared in a different part 
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of the body. One of those -which eventually disappeared remained expanded 
■while three others formed and collapsed. These collapsing vacuoles axe prob¬ 
ably not homologous ^ith true contractile vacuoles; they are not constant in 
occurrence or number. 

STRUCTURE AND LIFE HISTORY 
The Flagellated Nondividino Form 
(PI. 17, fig. 1; pi. 18, figs. 2-6; pi. 19, figs. 7-8; pi. 20, fig. 11; fig. B, 1, 2) 

On slide preparations very few flagellated specimens of Gigantomonas her- 
eulea are found in which the shape of the body is normal, because of the rapid 
alteration described above (p. 169). This is in marked contrast to the flagel¬ 
lates of the subfamily Devesco-dninae, and also to the hypermastigotes in the 
same material from Eodotermes mossambicus and Microhodotermes viator. 
The hypermastigotes on the same slides were in excellent condition, and served 
as an indicator of satisfactory technical procedure. G. heroulea is more liable 
than most protozoa to changes in body form in the process of preparation of 
films, even though that is done as rapidly as possible. Dogiel’s method, which 
I did not use, of opening the gut and dropping the contents directly into fixa¬ 
tive may have preserved the body form better. 

The two specimens of G. herctilea represented by figui'e 1, plate 17 and 
figure 5, plate 18, in which the body shape seems not to have been much altered, 
have lengths of 69 and 72ft and -widths of 36 and 44 /i. This agrees fairly well 
with Dogiel’s dimensions of 60-70/1 x 30-35/1. In specimens with altered body 
form the dimensions of the cytosome are not very significant. The axostyle, 
cresta, and nucleus, however, can be measured accurately, even in such speci¬ 
mens. In fifteen specimens the ellipsoidal nucleus had a length of 7 to 12 /i, a 
width of 5 to 8 / 1 . In ten specimens the antei’omedial edge of the cresta had a 
length of 13 to 18/i, the posteromedial edge 49 to 60/i, and the external edge 
80 to 94 / 1 . The length of trunk of the axostyle, from the posterior end of the 
nucleus, ranged from 53 to 71/i. 

At the place of origin of the anterior flagella a small protuberance is often 
seen (pi. 17, fig. 1), but it is not so prominently developed as the papilla 
usually is in deveseo-Tinids. There are three anterior flagella, which are fine 
and long. In six specimens in which they were seen distinctly they ranged in 
length from 50 to 95/i. Dogiel saw the three slender anterior flagella, but he 
did not observe their full length. He stated that he had observed them only 
in fixed animals where they were greatly t-wisted and curled up, so he gave 
no measurements. 

The trailing flageUmn originates near the anterior end and runs posteriorly 
at the surface of the body, usually more or less parallel to the peripheral edge 
of the cresta (pi. 17, fig. 1 ; pi. 18, fig. 3). It does not, however, appear to be 
consistently attached to that edge of the cresta; its contact -with the cresta is 
transitory. When the position of the cresta is shifted and it is turned around 
the anterior end (pi. 18, fig. 5), the trailing flagellum goes with it, so there is 
obviously a close relationship; and in living material the flagellum is on the 
surface of the body along the edge of the cresta. In most of the fixed material 
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the contact is broken, and as in the Devescovininae the separation takes place 
much more readily than it usually does in the undulating membrane of 
Trichomonas. Separation was complete in Dogiel’s material, so much so that 
he considered this flagellum to be the main anterior flagellum, which was much 
stouter and longer than the others. The length of the trailing flagellum is 
greater than that of the body, so that it continues for a short distance beyond 
the posterior end of the cresta. It is eordlike, not very stout, but yet stouter 
tha n an anterior flagellum. 

At the anterior end, near the origin of the flagella, there are two rather 
large deep-staining granules, generally unequal in size (fig. E, 1, 2). Occa¬ 
sionally, with a greater degree of destaining, the larger granule appears as 
a ring. The flagella do not originate directly from either of these granules, 
but from a small grantile or pair of granules close to them. Sometimes there 
are clearly two separate small granules from which the anterior flagella origi¬ 
nate in two roots, one of which divides into two flagella (pi. 18, fig. 3). 

A sigmoid filament that meets the nuclear membrane is shown in figure 3, 
plate 19, and figure E, 1. It appears to meet the large granule, but probably 
it passes around it to meet one of the blepharoplasts. This nuclear rhizoplast 
is comparable to the one that I have found in various deveseovinins. It appears 
most clearly in Maorotrichomonas (Kirby, 1942, pi. 16), and in that deves- 
eovinin, too, it has a similar relation to a large granule posterior to the ones 
in which the organelles originate. 

The cresta is a prominent structure in the flagellated forms of Giganto- 
monas herculea (pi. 17, fig. 1; pi. 18, fig. 2). It is comparable in development 
to the crestas of species of Macrotrichomonas. As in flagellates of that genus, 
it may extend in an open, longitudinally directed spiral along the body, or 
may be turned transversely around the nucleus (pi. 18, fig. 5; cf. Macro- 
trichomonas lighti, Kirby, 1942, pi. 22). Its anteromedial edge is short, and 
is applied closely to the nuclear membrane (pi. 18, fig. 6). The cresta is en¬ 
tirely within the cytosome, like the crestas of Devescovininae; there is no 
reason for believing that it lies in a furrow of the body wall, as Dogiel sup¬ 
posed. Usually there is a clear space in the cytoplasm along one side and 
the inner edge. The cresta is rather markedly differentiated into two parts, 
like that of Macrotrich oni onas pulohra. The inner part of the cresta, constitut¬ 
ing more than half of its breadth, is flat and deep-staining. This part is 
bordered peripherally by a diffuse but well-defined margin, and beyond it is 
the clear outer part of the structure. This part is considerably longer at its 
margin than at its inner edge, so it is thrown in folds. The maagin, which 
in the normal state lies at the surface of the body, stains deeply like a stout 
filament. The trailing flagellum lies usually more or less parallel to this. 

Above the middle part of the anteromedial edge of the cresta of the speci¬ 
men from which figure 1, plate 17 was drawn, there was a short, deep-stained, 
finger-shaped structure. This appeared to be an appendage of the cresta, 
originating from the edge, curved, and directed anteriorly. It was not seen 
on any other specimens, so it evidently is not characteristic. 

The trunk of the axostyle consists of an outer membrane, a core that may be 
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stained by iron-haematoxylin, and a clear zone between the two. As was noted 
above, in tlie specimens that Dogiel identified as G. herculea the axostyle was 
colorless after iron-haematoxylin staining; but in those which he classified 
as M, polymorpJia he described the stainable core. However, I have observed 
no difference between the two forms in the axoslyle struclnre, and I think 
that the apparent difference was a peculiarity of Dogiel's preparations, which 
did not reveal the axostyle veiy well in the fiagelhited forms. The markedly 
spindle-shaped form that Dogiel described for the trunk of the axostyle of 
0. hercidca does not agree with my material. The trunk of the axostyle is 
stout, in the specimen of figure 1, plate 17, and its diameter is nearly 
the same from behind the nucleus to near the posterior end. In some forms 
it appears somewhat narrower near the nucleus than more posteriorly, but I 
have never seen it in so markedly a spindle form as in DogiePs figure 10, plate 
17 (fig. A, 1). The core, however, is thick in its middle part and has a con¬ 
siderable taper anteriorly and posteriorly. Where the core is slender, the clear 
part is broader; the shape as shown by Dogiel may be due in part to his failure 
to observe the outer structure. I have seen nothing to indicate that the axostyle 
is composed of fibrils, as Dogiel described it. 

The posterior end of the axostyle is sharpened to a point. In the specimen 
of figure 1, plate 17 the posterior end of the axostyle is truncate, but that is 
not typical of the species. In my slide preparations the axostyle was usually 
enclosed in the cytoplasm, and I did not find the rather long projecting part 
which Dogiel described. The projecting spike appeared to be normal, however, 
in the living specimens which I observed (fig. B, 1), 

Alongside the nucleus—on the right side if the cresta is considered to be 
dorsal—^the axostyle is expanded in a capitulum (pi. 18, fig, 6). It is flattened, 
broadened, then narrowed in extension to^vard the basal granules. It is a rela¬ 
tively simple capitulum, but it has a special feature in a posterior armlike 
appendage, comparable to what exists in certain large devescovinins. In figure 
6, plate 18, the anterior part of this extension a])pears as a ridge elevated 
above the capitular membrane. The clcep-slained fibril on the observer’s left 
of the capitulum of plate 17, figure 1 appears to be an edge of this elevation. 
Posteriorly there is a protuberance that becomes free of the rest of the capitu¬ 
lum and bends around the posterior end of the nucleus. The end of this arm, 
which is rounded in cross section, is in contact with the nucleaT* membrane 
on the left side. Thus it is in a position to function in holding the nucleus in 
place, in close relation to the head of the axostyle. The nucleus, axostyle, cresta, 
and flagella constitute a unified group, and the relationship of these organelles 
is not altered in mastigonts isolated from the cytosome (pi, 18, fig. 3). 

In fixed material, the membrane of the nucleus is usually separated by a 
narrow clear space from the central chromatin mass (pi. 18, figs. 2,3). In that 
mass there are numerous close-set small granules, and a variable number of 
larger spherules. The latter retain the stain more tenaciously than the chro¬ 
matin granules, Dogiel’s material was probably too much'^estained to show 
the smaller granules, so that his attention was directed chiefly to the few larger 
ones, and he mistakenly supposed that the nucleus is very poor in chromatin. 
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Dogiel devoted much attention to the supposed discharge of chromatin from 
the nucleus into the cytoplasm. He wrote about a constant oozing from the 
nucleus of substance stainable by iron-haematoxylin, through a curious spastic 
action of the nuclear surface. The extruded substance was said to form a film 
against the nuclear membrane; this was supposed to thicken and eventually 
separate in the form of an oval body, which migrated into the posterior cyto¬ 
plasm. I made no observations on my material that conform with this account, 
and I think that Dogiel misintei*preted what were actually stainable cyto¬ 
plasmic inclusions or mastigont structures in contact with the nuclear mem¬ 
brane. As in most of the accounts of supposed extrusion of chromatin through 
the nuclear membrane, the observations made seem to have been arbitrarily 
forced into a particular framework of hypothesis, and do not constitute proof 
of that hypothesis. 

Dogiel described a “slightly developed cytostome*' in 0, herculea. In this 
account, again—and I believe that the same is true in all reports of supposed 
c 3 i:ostomes in trichomonad flagellates—observations have been wrongly inter¬ 
preted. I found no structure in Qigantomonas which I would regard as a 
eytostome; and DogiePs structure lies in the same position as the anterior 
extension of the capitulum of the axostyle, which he did not recognize as such. 
Pereira and de Almeida (1943) denied the existence of a eytostome in tricho- 
monads, and called attention to errors of interpretation, in this and other 
supposed features, that have been made in studies of that group of flagellates. 
No cjd:ostome exists in Devescovininae, and I have not found it in any flagel¬ 
lates of the Trichomonas group that I have recently examined. When I re¬ 
ported it in certain species in 19311 was, in common wuth other protozoologists 
at that time, under the influence of one of the unfortunate morphological 
preconceptions deplored by the Brazilian authors. 

In the flagellated form of Gigantomonas herculea there are few foreign in¬ 
clusions; when there are any at all they are only a few small fragments of plant 
material (pi. 18, fig. 2). Only one specimen was found in which the body was 
distorted by a large ingested fiber. Evidently plant material is ingested, but 
it does not accximuJate in any notable amount. Rounded chromatic masses 
are sometimes present in the ('ytosome (pi. 17, fig. 1); these may be residues 
of food malerial. Dogiel wrote of a ventral chromidium as a permanent inclu¬ 
sion in the middle part of the body. This was shown as a granular or spongy 
mass of irregular outline and sometimes, instead of one larger mass, there 
were two or three smaller ones. I have seen nothing in my specimens which 
could be regarded as a chromidium. It is most likely that DogiePs structure 
was a Sphaerifa-like cytosomal symbiote, which happened to be present in all 
the specimens he observed. Such organisms occur frequently in devescovinins, 
and I have observed that they were sometimes present in almost all specimens 
of afaunule. 

In what seem to be the best preserved specimens of the flagellated form, 
there is no special differentiation of the peripheral region of the cytosome. 
One sort of cytoplasm, with granules throughout, extends to the surface layer 
(pi. 17, fig. 1). In specimens of altered form a differentiated outer zone of 
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cytoplasm may be developed (pL. 18, fig. 2). It is more or less liomogeneous, 
and it varies much in thickness in different specimens and in different parts 
of the same specimen. It is to the differentiation of this zone that Dogiel re¬ 
ferred in writing of ectoplasm and endoplasm. He stated that Oigantomonas 
Jierculea has a constant shape, without differentiation into ectoplasm and 
endoplasm. He was able to state this because lie put into that species only the 
forms with unaltered shape and cytoplasm. The others he separated as type A 
of Myjcomonas poJymorpha, lie noted that in type A the “ectoplasmic layer” 
is thick, dense, and more or less homogeneous; that the axostyle does not pene¬ 
trate it; and that in specimens fixed upon cover glasses the ectoplasm may 
seem to have a still greater consistency and to separate some from the endo¬ 
plasm. 

The specimen of figure 11, plate 20 seems to be a degeiieratively altered 
fonn. All gradations between it and the normal form can be found. In it all 
mastigont structures, including the anterior flagella, are enclosed in the in¬ 
terior, granular cytoplasm. An outer layer and underlying clear space are 
in some organisms differentiated in one part of the body but not in another 
part. The stiaicture shown by this figure corresponds to what has been de¬ 
scribed as a cyst in some trichomonad and otlier flagellates; but it seems cer¬ 
tain to me that it has nothing to do with eneystation, which probably does not 
occur in Oigantomonas, 

It is obvious from the above description that the forms which Dogiel desig¬ 
nated by three epithets— Oigantomonas herculca, type A of Myxomonas poly- 
morphay and type B of If. polymorpha —all represent the same flagellate. 
It is difficult to comprehend the differentiation that he made, and it is 
understandable that he could not give any clear-cut diagnoses. Ilis distinc¬ 
tions were in part based on: first, alteration of body form in making the 
preparations; second, detachment of the trailing flagellum in making the 
preparations; third, fortuitous variations in reaction of the axostyle to iron- 
haematoxylin; fourth, failure to observe the axostyle in some specimens 
(“type B of Myxomonas'^) ; and, last, failure to ac(*ounl for obscurity or occa¬ 
sional loss of flagella. 

Like Dogiel, I have not obseiwed any division figures in the typical flagel¬ 
late form. In Oiganiomonas herculca, nuclear division seems to take place only 
in the modified amoeboid forms. 

The AMOEBom Forms and Division Stages 
(PI. 19, figs. 9-10; pi. 20, figs. 12-14; pis. 21-23, figs. 35-26; figs. C, D; fig. E, 3-10; fig. P) 

The group of forms here to be described includes all those Dogiel put in 
Myxomonas polymorpha except his ti^pes A and B, which are considered in 
the preceding section. Although some amoeboid forms are comparable in size 
to the flagellated form, most of them are much larger. Some are spherical but 
most are elongate. One nearly spherical specimen had a diameter of 120/a; 
another measured 180 x 170/a. Sixty-five specimens of the amoeboid forms 
ranged in length from 75 to 360/a, in width from 40 to 120/a. Dogiel found 
lengths from 50 to 180/a, widths from 40 to 90/a. Evidently when Oigantomonas 
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herculca enters upon this amoeboid, dividing phase, it undergoes a marked 
increase in body size. Most of the division stages with typical reorganizing 
mastigonts ranged from 75 x 58/x to 160 x 120/x. Some specimens exceeded 160 /jl 
in length ; two of these measured 200/jt and oGOju,, but they were relatively nar¬ 
row, the width being 40 to GO/i. The largest specimens were amonj:* the multinu- 
cleate types and those in wiiicli the division process had not followed the 
typical course. 

Many of these amoeboid forms contain a large amount of ingested material; 
in some (pi. 211, fig. 23) the cytoplasm is densely packed with inclusions of 
vegetable matter. Dogiel also noted this difference between the amount of 
ingesta in the ordinary flagellate form and the dividing forms; in a hundred 
dividing forms of type D he found only one specimen without food inclusions. 
Most of the inclusions are small, and like Dogiel I have found that usually 
they lie directly in the endoplasm, with no surrounding vacuole. In some 
specimens long fibers are enclosed. The binucleate amoeboid form shown in 
figure F, 6, enclosed one end of a stout fiber 500/1 long in a body 275/x, long. 
Occasionally, small flagellates are enclosed in vacuoles; but ingestion of other 
protozoa appeal’s to be exceptional. 

Division as manifested in individuals of what Dogiel designated type D 
evidently follows the growlh of the flagell.ate form and its transformation into 
an amoeboid phase. In the course of this transformation the mastigont struc¬ 
tures redifferentiate. The flagella are lost; the cresta and axostyle are resorbed. 
Unfortunately 1, like Dogiel, have been unable to find any specimens showing 
the intermediate stages of disappearance of the mastigont structures. In 
devescovinins the trunk of the axostyle is not resorbed until rather late in 
division, but in 0. hemdea it disappears at the beginning of division. 

In the earliest division stage seen, the only extranuclear structure that is 
associated with the mastigont system is a small paradesmose. I have been 
unable to find the earliest phases in development of this structure; the shortest 
paradesmose that I saw had a length of 12/ut (fig. 1). The strand is applied 
closely for its entire length to the membrane of the spherical nucleus, which 
at this time usually has a diameter of 12 to 16/x, and is larger than the nucleus 
of the intor])haHe flagellate. 

Throughout the mitotic' ])rocess the nuclear membrane remains intact. The 
paradesmose is in contact with the membrane, but it is not at any time sunk 
in a groove, as in some devescovinin flagellates. The substance of the nucleus 
goes through a typical succession of phases. In the earliest phase, when the 
paradesmose is still short, little difference from the interphase condition ap¬ 
pears (fig. C, 2). There are a number of deep-staining endosomal bodies 
of diverse sizes; and the remaining chromatic material, which stains less in¬ 
tensely, is ill dispersed granules or, later, in a skein of strands (fig. C, 4). 
The strands subsequently appear as definitive filiform chromosomes, which 
take the foim of Vs or U^s (fig. C, 8, 9). They commonly show an orientation 
toward the region of the paradesmose. In heavily stained material the ana¬ 
phase chromosomes often ajipear fairly smooth and compact, but are generally 
irregular and heterogeneous. In lightly stained material the inner ends of the 



Fig. C. Division figures from amoeboid forms of G'igantnmonai> hetculca. S.II. 1. Outline 
of nucleus, short paradesmoso with deep-stainod knobs at the ends, slender new' crestas. The 
body containing this figure had dimensions of 110^ x 4:0fi, the nudear diameter 13^. x 960. 

2. Nucleus of the specimen of fig. 0,1.There is little or no change from the interphase, x 2950. 

3. Outline of nucleus, paradesmose, new crestas. Body 165/tt long, 80 /a wido at one part, 26/i 
wide at another. Nucleus 14 /a. x 960, 4. Nucleus of fig. C, 3. The chromatin is in well-defined 

(Leffend continued ui boiftnn of next page.) 
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chromosomes often appear paler than the parts near the poles (fig. C, 11}. 
In anaphases the arms of tlie V\ are more or less straight rods, often about 4ju. 
long (fig. C, 13). The apices of the Vs are directed toward the polar ends 
of the nucleus; the pre])arations did not show any fibers between these apices 
and the region at the end of the paradesinose, but they pi'obably exist. The 
chromosomes retain llie V form throughout the anaphase and telophase, until 
the reorganization process is so far advanced that they cannot be traced. I 
have not been able to make eonvineing* counts of the exact number of chromo¬ 
somes. The number appears to be constant; it is probably not less than 15 or 
more than 18. 

Endosomal material persists in the form of spherules until the anaphase. 
In that phase, between the two polar groups of chromosomes, there is inter¬ 
zonal granular material (fig. C, 13; D, 2). The endosomal spherules have by 
this time disappeared, so the interzonal material probably originates in the 
endosomal substance. If so, it loses as time goes on the capacity for intense 
irou-haematoxylin staining which characterizes the endosomal spherules; the 
interzonal substance stains less intensely than the chromosomes. This sub¬ 
stance is still present after constriction into two nuclei, appearing in ereseentie 
form, in optical section, at the side of the nucleus opposite the end of the 
paradesmose (fig. D, 4, 5). Later this material may become dispersed in 
the nucleus, but more probably it disappears. The endosomal material appears 
to arise in contact with the inner ends of the chromosomes. 

In many specimens in which the nucleus is in an early prophase, a filament 
is found attached to each pole of the paradesmose (fig. C, 1, 3, 5). Dogiel saw 
thin curved threads exteiidiiig from the ends (his fig. 30, anaphase) but did 
not undei*stand their significance, though he suggested that they might repre¬ 
sent the remains of the ‘^undulating membrane’’ of the parent flagellate. 
That could not be true, because there are two filaments, one at each pole, but 
only one original “undulating membrane” associated with a single nucleus. 
The filaments evidently represent newly developing structures. The filament 
Ls at the border of a more light ly staining membrane—it often requires careful 
jDbservation to see this at all—and successive stages of broadening of this 
membrane can be found in ])rophases and anaphases (fig. C, 1, 3, 5, 7,10,12). 


(Legend for fig 0 eontinued from pt reeding page ) 

slender strands, x 2900. .0, Oul line of nuelous, xniradesmose with flat, expanded ends, rrnw cres- 
tas. Body 100^x48^, nucleus 34/4X9^. x900. 6. Nucleus of the specimen of fig. C, 5. Within it 
the ehiomatm is in varicose strands, many of which aie oriented towaid the pait of the mem¬ 
brane adjacent to the paradesmose. x 2950. 7. Outline of nucleus, paradesmose, new crestas. 
Body 120/4 long, x 960, 8. Nucleus of fig. C, 7. The chromosomes are in the form of V- and 
U-shaped bodies; endosomos still present, x 2700. 9. Prophaso nucleus and fibrillar parades¬ 
mose, with deep-stained, somewhat enlarged ends. The new crestas aie well developed; their 
attachment is shown but the full length is not represented. Only a few of the chromosomes are 
shown. X 2950.10. Outline of late anaphase nucleus, paradesmose, and new crestas. The en¬ 
larged, triangular, deep-stained ends of the paradesmose are applied to the polos of the 
nucleus at the place toward which the chromosomes converge, x 960. 11. Nucleus of fig. 0,10. 
The middle zone of the nucleus is occupied by a granular interzonal substance, x 2950,12. The 
new crestas are long, and are broader than in preceding specimens, x 960. 13. Nucleus of fig. 
0,12. The interzonal substance is in deep-stained granules, which are massed in the form 
of a biconcave disc between the groups of chromosomes. Only a few of the U-shaped chromo¬ 
somes that are present in this nucleus are shown, x 2950. 
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Fig. B. Division figuies from amoeboid forms of Gigmitomonas herculea, continuation of 
fig. 0, S.H. 1. Outline of late anaphase nucleus, well-developed new crostas. x 960. 2. Nucleus 
of fig. D, 1. The chromosomes are V-shaped. X 2950. 0. The paradesmose seems to consist of 
3 fibrils, and it ends in large, deep-stained granules. The new crostas are long. The body 
containing this figure measures 100 x 50 /a, each nucleus is about 9/i x 12/*. x 960. 4. Diagram 
of the right-hand nucleus of fig. D, 3. The large granule at the end of the paradesmose is 
shown. The granular interzonal substance is at the opposite side o C the nucleus. Only part 
of the number of V-shaped chromosomes are represented, x 2950. 5. Telophase nucleus con¬ 
taining V-shaped chromosomes, only a part of which are shown, and interzonal substance. 
The part of the fibrillar paradesmose, with dense enlarged end, that lies over the nucleus is 
shown. X 2950. 6. New axostyles have developed, and in the region of the ends of the parades¬ 
mose is part of the rounded new capitulum. New crestas are advanced in development. The 
body containing this figure is 165/* x 100/*, the nuclei 10/* x 11/*. x 960. 7. Nucleus of fig. D, 6. 

(Legend contmved at bottom of next page ) 


Kirby: Gigantomonas lierculea 181 

After nuclear division has been completed, and the nuclei reorganized, a 
fully developed cresta may be found associated with each (pi. 21, figs. 15,16). 
The filaments in the prophase, then, are developing new crestas, as indicated 
by a complete succession of forms. Dogiel recognized the new “undulating 
membranes” in later stages, but he did not have available for study enough 
intermediate phases to study their origin. lie considered, therefore, that the 
new “undulating membranes” do not begin to form until after the two 
daughter nuclei are produced. In this account he was hampered by confusion 
of two different series of development, as is explained farther on in this article. 

The ends of the paradesmose stain deeply with Heidenhain’s iron- 
haematoxylin. When observed fi*om above, on the upper surface of the nucleus, 
they appear as rounded knobs (fig. C, 3; D, 5; pi. 19, fig. 9); when observed 
from the side, in the same plane as the nucleus, they often show a triangular 
form (fig. C, 5). The paradesmose between them is sometimes stained as a 
compact, homogeneous-appearing strand, and the terminal enlargements 
grade into the remainder without any distinction. More often, however, the 
paradesmose shows a fibrillar structure (fig. C, 7, 9). Between these compact 
ends are several fibrils; commonly 3, 4, or 5 can be distinguished. The fibrils 
vary in their degree of separation; they may be so close together that no space 
shows between them, or they may be separated by clear spaces of varied extent. 
Occasionally one of the fibrils is far from the group of the others (fig. P, 2). 

In the prophase, or at least in the earlier part of it, there are no separate 
granules at the ends of the paradesmose (fig. C, 1, 3, 5, 7; E, 6). Each new 
cresta then meets directly the structure at the end of the paradesmose at the 
outer angle of the triangle (fig. C, 5). In the anaphase and later stages gran¬ 
ules are present separate from the ends, but very close to them, and to these 
granules cresta and flagella are attached (fig. E, 4-7). Sometimes only one 
of these granules can be made out, but often there are distinctly two. When 
the stain of the paradesmose is pale, except for the black ends, each end may 
appear as a third and much larger granule (fig. C, 5). When the paradesmose 
has disappeared, and also in interphasc flagellates, there is a large granule in 
the same relation io the other granules, and to it neither cresta nor flagella 
attach. The lai*ge granule may be the persisting structure at the end of the 
paradesmose, and may perhaps be regarded as a centriole. That seems likely. 
The observations that I have made suggest it, but do not prove it; they have 
not excluded the possibility that the large granule in the interphase has been 
differentiated after the paradesmose, with its terminal structures, has disap¬ 
peared. 

The paradesmose elongates as the nuclear changes proceed. At the time 
just before constriction of the elongated nucleus, it is applied to the mem- 


(Legend for fig» J> continued from preceding pttgf ) 

A new endosome lias appeared. The chroinosome outlines are still apparent, some showing 
V form, but they are not so dol^ite as in the anaphase, x 2960. 8. The new axostyles and new 
crestas are well developed; a trailing flagellum is present along the margin of the cresta. 
The cresta shows differential staining in the black basal part and clearer outer part, x 960. 
9, Nucleus from fig, I), 8. Endosomes have developed and the chromatin is in diffusely 
arranged strands, x 2960. 
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Fig. E. Freoband diagrams showing the grainileH in the region of origin of the flagella and 
oresta in Gigaiitomonai, heraiUa, Except in proiihaaes and early anai)hasos, there are two 
large granuloa, unequal or equal in size, situated close together on or near the anterior 
nuclear membrane or (especially in the flagellated form) at some distance from it. Neither 
of these gramfles is met by the flagella or cresta, but one of theun appears at the end of the 
paradesmosc in stages wliore that strueturG is present. Anterior and close to these two 
granules is a less well-defined and usually leas critically stained small granule or, as it 
occasionally appears, pair of granules close together. This body gives origin to flagella and 
erosta, and there are indications of coimecting filaments between it and the two large 
granules. 1. Flagellated form, similar to pi. 17, fig. 3. The cresta is large, and the anterior 
extension of the capitulum of the axostyle is indicated in the diagram. Granules like the two 
unequal large ones are shown also in the specimen of pi. 17, fig. 1. 3. Flagellate in an incom¬ 
plete state of development, granules in similar grouping closer to nucleus. 3. Nucleus in late 
prophase, with paradesmoso. At the end of the paradesmose, a deop-stained body is set off 
similar to the larger of the granules of the interphase. The specimen is similar to those of 
fig. C, 5-8. As is shown also in those fi.gures, the new cresta dii’ectly meets the body at the 
end of the paradesmose, at its anterior part. At least part of the basal-granule complex of 
the interphase has been dedifferentiated. 4. An amoeboid form with paradesmose and mod¬ 
erate-sized new erestas, similar to fig. 2, 4. Adjacent to the body at the end of the parades¬ 
mose is a smaller granule, and flagella and cresta join a separate granide. Oomparable to 
the interphase structure, except that the paradesmose meets one of the granules. 5,6. Similar 
forms with a similar situation of the paradesmose. In 5 there are indications of connecting 
fibrils from the flagellar granule to the two large granules. 7. Binucleate amoeboid body, 
with paradesmose. The new erestas are very small, as in pi. 23, fig. 20. 8,9. Amoeboid body 
with one nucleus and no paradesmose. The arrangement of granules is the same as when the 

(Legend continued at hottom of next page.) 
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brane and has a length equal to the diameter of the two future daughter nuclei 
(fig. D, 1). It continues to elongate after formation of the daughter nuclei, 
and its dimensions show that it is at first growing by increase of substance, 
not merely being drawn out. The nuclei separate and the paradesmose may 
extend straight between them, but very often it is bent in a U form (fig. D, 6). 
Later the paradesmose becomes more slender as it lengthens (pi. 20, fig. 13). 
In later stages vith two reorganized mastigonts it may be very long: in one 
specimen it measured 120jix. This elongation of the paradesmose is like that 
which has been found to take place in many trichomonad flagellates. 

New flagella have developed during the process of division, and in stages 
where there are reorganized nuclei, both the anterior flagella and the trailing 
flagellum can be found (pi. 21, figs. 15, 16). The anterior flagella may be 
imbedded in the cytoplasm at least for part of their length, and the trailing 
flagellum parallels the margin of the cresta and with it may lie deep in the 
cytoplasm. 

New axostyles are differentiated later than the crestas; no evidence of them 
has been found before the later telophase stages. The capitulum seems to begin 
to develop first, and the part of it that extends anterior to the nucleus can 
sometimes be seen when no other axostylar structures are visible. The ends of 
the paradesmose and associated granules are in close relation to this extension 
of the capitulum. In binucleate stages, where there are well-developed crestas 
and paradesmose, the new axostyle trunks are present (pi, 21, fig. 16,- fig. D, 
8). At first no relation in position exists between these trunks and the parades¬ 
mose, but later that elongated strand may come to lie parallel to the axostyles, 
or may even spiral around them. This position is a consequence of the later 
orientation of mastigont structures; the two structures are entirely inde¬ 
pendent in their origin and development. 

Some specimens have been found with two completely reorganized mas¬ 
tigonts but no paradesmose, which had evidently been resorbed before division 
of the cytosome (pi. 20, fig. 14). I have found no stages of actual division of 
the cytosome; it no doubt takes place by distribution of the cytoplasm between 
the two mastigonts, and each daughter structure is again the typical flagellate 
form of Oigmtomonas herculea. 

Two interesting abnormalities encountered in study of this series of forms 
deserve special attention. One of them was a bimastigont form with a pa¬ 
radesmose, but in one of the mastigonts, otherwise intact, the nucleus was 
absent (pi. 21, fig. 16). It was not found anywhere else in the cytosome, which 
was only slightly ruptured, so it does not seem likely that it was displaced 
mechanically in making the smear. Possibly there had been an abortive divi¬ 
sion in which two daughter nuclei were not produced, although each end of 
the paradesmose gave origin to its set of extranuclear structures. 

The other specimen contained a quadripolar division figure, with four 


(Legend for fig, B contimted from preceding page,) 

paradesmose is present, if the deep-stained body at the paradesmose end is recognized as one 
of these. In 9 the two largo granules are of nearly equal size, 10. A one-mastigont flagellate, 
large cresta. A fibril that represents a persisting part of the paradesmose is present, meeting 
one of the two large granules which are of nearly equ«d size. 
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anaphase groups of chromosomes (pi. 19, fig. 10). There were four parades- 
moses; not all of the poles were interconnected. Three of the poles were inter¬ 
connected hy three paradesmoses arranged in a triangle. To the fourth pole 
a single paradesmose was attached. Its position was abnormal, however; 
instead of meeting one of the other poles, it extended free in the cytoplasm. 
A cresta was attached to its free end, as well as to the other end. Of the three 
poles interconnected by the triangular group of three paradesmoses, two bore 
crestas. The other, being without a cresta, seemed to be the one from which 
the free end of the paradesmose had been separated. It seems unlikely, how¬ 
ever, that this unusual position of the free paradesmose and cresta was a 
result of meclianical damage in making the smear. The large amoeboid body 
was intact, with no apparent rupture, and the gi'oups of chromosomes within 
the nucleus were not disturbed. There was one common deep-stained enlarge¬ 
ment and group of astral rays at each of the poles of the triangle, and a similar 
enlargement and group of astral rays marked the end of the free paradesmose. 
This would probably not be true if there had been a simple, sudden rupture. 
The structure may have grown free while the organism was alive and undis¬ 
turbed. Each of the four groups of chromosomes in this multipolar division 
figure consisted of as many as in the two groups of the normal bipolar 
figure. 

The series of events described for Gigantomonas herculca in the preceding 
account of division agrees in general with the usual mitotic division and re¬ 
organization of mastigonts in triehomonad flagellates. There are, however, 
many forms which do not fit into that series. One may think that the reason 
they do not fit is that they belong to a different organism. Dogiel adopted that 
concept; but since he found so much resemblance to fonns that I have now 
shown to be dividing G, herculea, he was unable to draw a sharp separation, 
and he included the dividing Gigantomonas with the supposedly different 
organism. No sharp lines of separation can properly be drawn anywhere in 
the gi’oup, so I have treated the different forms here as all belonging to the 
one flagellate, which follows somewhat divei'gent courses in different phases 
of its life history. It is possible, I recognize, that this view is not correct, and 
that actually two or more organisms are involved. The status of the flagellates 
cannot be definitively established without a much larger series of forms than 
I have been able to study. My account will, I hope, eventually be corrected 
and supplemented by an investigator who has unrestricted access to the ter¬ 
mites that contain this interesting symbiote. 

A count was made of the different forms encountered in succession in a 
survey of a number of slides from Hodotermes mossambicus. Of 300 specimens, 
121 were interphase flagellate forms and 37 belonged in the typical division 
series. The remaining 142, about half of the total, almost all showed evidence 
of being in a division stage or having recently divided. They are considered 
here instead of in the foregoing account of division because of differences of 
several kinds from what may be regarded as the typical division series in 
triehomonad flagellates. Yet they must be considered in connection with divi¬ 
sion, with a modification of one sort or another. 
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Of the 142,127 were binucleate specimens. In almost all of them the nuclei 
were in an interphase. A rounded endosomal body of moderate size was often 
present in the center of the nucleus (pi. 22, figs. 18-22; fig. P, 3,5). Sometimes 
there were several endosomal bodies in addition to, or instead of, this central 
one (pi. 21, fig. 17, upper Jiucleus). The chromatic material stained more 
lightly than the eiidosome with iron-haematoxyliu, and was organized in 
granules or strands (fig. P, 3, 5). With regard to the extranuclear structures, 
there were several sorts of organization. In aU but 14 of these 127 amoeboid 
specimens a paradesmose, which consisted of several fibrils, connected the 
two nuclei (pi. 23, fig. 23). Close to each end of the paradesmose were two 
small deep-stained granules of approximately equal size—^the basal granules 
of the mastigont structures. In the few binucleates which lacked a paradesmose 
(pi. 23, fig. 24), it had evidently been resorbed. The specimens showed a 
marked difference from the typical division series in regard to the cresta 
and axostyle. 

In the typical division series, in agreement with other trichomonads, both 
cresta and axostyle develop early and are advanced in growth by the time the 
nuclei have reorganized. In about a quarter of these atypical amoeboid speci¬ 
mens neither cresta nor axostyle was present. Another group of 25 of them 
had no cresta, but the axostyle was represented in some degree. In the greater 
number of these binucleate amoeboid specimens, close observation showed a 
small membranous structure anterior to the nucleus; that structure appar¬ 
ently belongs to the capitulum of the axostyle (pi. 21, fig. 17; pi. 22, fig. 18; 
fig. P, 1,4). Many of the specimens that seem to lack any axostylar structures 
probably do have the capitular structure, but are either oriented in such a 
way or are stained in such a manner that it cannot be seen. The basal granules 
near the end of the paradesmose rest upon this membrane. The trunk of the 
axostyle is developed in some specimens (pi. 22, figs. 18, 20). Only a few were 
found in which the trunk was stained so as to show veiy cleazly, but in many 
others it is evidently present though difficult to see. The structure is slender; 
generally it appears more slender than in the typical division series. 

Fifty-six of the 113 biiiu(4eate si^ecimens with a paradesmose and three 
of those withoxit it had crestas in some state of development. In some the 
crestas appear as short, deep-stained filaments that lie close to the nuclear 
membrane (pi. 22, figs, 21, 22). It is unusual that these do not extend out free 
in the cytoplasm as do the crestas in the typical division series. Another differ¬ 
ence from that series is that expansion may take place before the filament has 
become so long. Thus crestas appear that are short and relatively broad—^much 
like miniatures of the full grown cresta (fig. P, 2). In other specimens the 
crestas approach more closely to the more usual, elongate foim (pi. 22, 
fig. 20). 

Three long anterior flagella are undoubtedly present in at least some of 
these amoeboid specimens (pi. 22, fig. 18; fig. P, 1). Those in which I have seen 
them have lacked the cresta, and also, apparently, a trailing flagellum. Only 
occasionally have I been successful in observing the full length of the anterior 
flagella; generally only the basal part can be made out and most often, of 
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Fig. F. Qiganiomonas Tierculea, (1, From Microtiodotermes viator. 2-6. From Eodoiermes 
mosaambxcus.) 1. Detail from a large, 'bmucleate, amoeboid specimen. Tbc figure sho-ws part 
of the nucleus in outline, anterior to this part of ttxe capitulum of the axostyle, three anterior 
fiageUa, a large granule at the place of origin of these and the stout bla^ paradesmose, a 
filament passing to the left and applied to Sie nuclear membrane (nuclear rhizoplast), and 
a filament to the right along the nucleus that possibly is a small new cresta. S.H. x 2950. 
2. Division figure in a large amoeboid form. The fibrils of the paradesmose axe widely sepa¬ 
rated, except in the central part and at the ends. Nuclear diameter 22^. The new crestas are 
rather short and slender, in contrast to the large size of the crestas at this stage in the typical 
division series. S.H. x 960. 3. One nucleus of fig. D, 2. There is a large central nucleolus, 
around which the chromatin is arranged in strands. S.H. x 2960. 4. A pair of nuclei from a 
large amoeboid form about 250;^ x 125|^ Two pairs of nuclei are present in the specimen. 
Each has a large central nucleolus, and associated with each is a small capitular membrane 
and a rdativdy short new cresta. Nuclei 21^ and 18 /a. One of the nuclei is shown in detail in 
pi. 22, fig. 19. S.H. X 960. 5. One of the nuclei of the pair in pi. 21, fig. 17. At the end of the 
paradesmose, which is represented by 8 fibrils, axe 2 granules. A part of the capitular mem- 

(Xiegend continued at bottom of neat page.) 
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courfe6, the structure camiot be seen at all. The flagella connect with the basal 
granules near the ends of the paradesmose. 

Among the 142 amoeboid specimens, ten were uninucleate (pi. 23, fig. 25). 
These were similar to the biniicleates in respect to the variability in the pres¬ 
ence of other organelles. A few had a remnant of part of the paradesmose; 
all had the membranous extension of the capitulum but not all show^ed the 
trunk of the axostyle; some had no cresta, some a miniature cresta, some a 
cresta of the more usual size and sliape. 

Multinucleate specimens are not infretiuent among the large amoeboid 
forms. Several specimens were found with 4 and 6 nuclei. They showed the 
same variability as did the other amoeboid forms in the presence of crestas 
and axostyles, though the anterior capitular membrane, and almost always 
the paradesmose, vas present. On a slide made from Microliodotermes viator 
there were several unusual specimens with cytosomes of large size and with 
from 25 to 40 nuclei (pi. 23, fig. 26). The nuclei were small in size, with a 
diameter of about 8fi. Bach was accompanied by a small capitular membrane 
(pi. 23, fig. 27) and basal granules were upon this, but there was no evidence 
of any paradesmose, cresta, or trunk of the axostyle. 

These often lai’gc amoeboid forms, which as w^e have seen are at least some¬ 
times provided with flagella, usually contain many ingested particles (pi. 23, 
figs. 23-25). Oftejii the cytosome is packed with fragments of plant material, 
and long fibers may be enclosed (fig. F, 6). The amoeboid forms are evidently 
voracious feeders. 

SYSTEMATIC POSITION OP GIGANTOMONAS 
Oigantomonas belongs to the group of flagellates that have a mastigont system 
of the sort which we may designate as the trichomonad type. This type of 
system is characterized by an axostyle which passes longitudinally through 
the body and is associated anteriorly with the single nucleus, usually by a 
true parabasal body situated dorsal to the nucleus, by a number of anterior 
flagella that arise in one group of blcpharoplasts, by a trailing flagellum -which 
may or may not adliere to the surface of the body, and by the existence in 
mitosis of a pai*adesmoso that is usually applied to the surface of the dividing 
nucleus. They have, thus, a uniform type of organization in which they are 
distinct from many other flagellates, and they show a degree of uniformity in 
division. This group of flagellates can appropriately be designated as the 
trichomonad group, since Trichomonas is the oldest contained genus. 

The limits of the group must, however, be drawn differently from those of 
the family Triehomonadidae as it is considered by Wenyon (1926), some of 
his genera being excluded. The family Triehomonadidae as given by Kudo 
(1946) contains only genera that would be considered here to belong in the 


(Legend for fig, F contvrvued from preceding page ) 

brane is shown. S.H. X 2950.6. Two specimens represented as they occur together. The largest 
one is 275jtA x the other 130/ttX 120 /a. The larger organism has ingested part of a very 
long plant fiber. Each specimen contains a pair of nuclei at the same stage in development as 
those in the other, but they diflPei* greatly in size. In one the nuclei are 15/t x 20/t, in the 
other 11/A in diameter. 
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group, but in addition other genera should also be included according to my 
concept of the group. The existence of an undulating membrane, on the basis 
of which Kudo defined the group, is not so fundamental as certain other fea¬ 
tures of organization. Monoccrcomonas (Eiitrichomastix), for instance, has 
a mastigont system and a division process altogether comparable to that of 
Trichomonas, except that the trailing flagellum does not adhere in a mem¬ 
brane, and that there is no chromatic basal structure. It is also not reasonable 
to indicate too much of a dislocation between Trichomonas and the deves- 
covinid flagellates, in which the trailing flagellum does adhere to the surface 
more or less, but forms no true membrane, and there is a chromatic basal struc¬ 
ture. We find these flagellates, of what is designated the trichomonad group, 
in Kudo^s families Poljunastigidae, Devescovinidae, and Trichomonadidae. 

Kirby (1931) considered the family Trichomonadidae, but included some 
genera that now are not admitted to belong there, namely, Polymastix, 
BetortamonaSy and Tetramastix. The position of TetrafricJiomastix is uncer¬ 
tain. Kirby proposed a subdivision of the family into three subfamilies. The 
Polymastiginae would not stand as included in the group; in its place is the 
Monocercomonadinae, with the genera Monocercomonas {Exitrichomastix) 
and Eexamasiix. Probably, too, Tricercomitus, which has an adherent trailing 
flagellum but no true undulating membrane and no chromatic basal structure, 
should be put in the Monocercomonadinae. The second subfamily, Deves- 
eovininae, stands as given except for Gigantomonas; it includes Janickiella, 
which is a synonym of Poaina. The third subfamily, the Triehomonadinae, 
corresponds to the family Trichomonadidae as given in Kudo (1946). 

Whether these subfamily groups should instead be designated separate 
families is, of course, a matter of choice. It has seemed to me that the marked 
unity in fundamental organization and the distinction from such groups as 
the Pyrsonymphidae, for instance, is best emphasized by the arrangement 
made. It would be desirable, if the subfamilies are made families, nevertheless 
to indicate their relationship to one another by a higher common gi’ouping. 
The trichomonads as commonly undei*stood are so closely related in organiza¬ 
tion of the mastigont system and in division to the hypermastigotes. that a 
common category might be established to include all of these flagellates. 

The foregoing discussion of the arrangement of trichomonad flagellates 
has the purpose of building a framework within which to put Oigantomonas. 
This flagellate plainly belongs in the trichomonad group; that being under¬ 
stood, it may be considered whether it can be placed in the trichomonads 
proper, or in the deveseovinids, or should have systematic category of its own. 

It seems clear to me that Oigantomonas does not belong very close to 
Trichomonas, where the flagellate form of 0. herculea has generally been 
placed. Reiehenow (1928) wrote that it is a typical TrichomonaSy differing 
only in its large size, repeating what Dogiel had stated when he described it. 
Both Reiehenow and Dogiel supposed that there was a typical undulating 
membrane, and four anterior flagella of which one differed in size from the 
others. They failed to realize that the supposed large anterior flagellum is 
actually the trailing flagellum, which corresponds to the marginal flagellum 
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of the undulating membrane of Trichomonas. As I have shown in the preceding 
account, the structure said to be an undulating membrane is actually a cresta, 
which is comparable rather to the costa of Trichomonas; the outer margin of 
this cresta was mistaken for the marginal flagellum. The organization of 
Gigantomonas, then, differs as much from that of Trichomonas as does that 
of Dcvescovina; and it does not belong in the same systematic grouping as 
Trichomonas unless Dcvescovina is also in that grouping. It seems to me, how¬ 
ever, that there are sound reasons for a separate grouping of the devescovinin 
flagellates. 

Kirby (1931) listed Gigantomonas as one of the genera of the subfamily 
Devescovininae, placing it next to Macrotrichomonas. Connell (1932) not 
only included Gigantomonas hercnlea (together with its Myxomonas forms) in 
the subfamily Devescovininae, but he considered Macrotrichomonas to be a 
synonym of Gigantomonas. We have now to consider whether that synonymy 
is correct and, if not, whether Gigantomonas belongs in the subfamily. 

The question of synonymy was discussed by Kirby (1942, p. 112), and the 
conclusion was reached that the two genera are distinct, in spite of much 
similarity in the flagellate phase. Macrotrichomonas contains seven known 
species, which all occur in the Kalotermitidae. They have hosts in several 
genera of that termite family, but have been found in no other group of 
termites. Gigantomonas hercnlea occurs in a group of termites, the Hodoter- 
mitinae, that is definitely separated from the Kalotermitidae. This suggests 
an evolutionary distinctness of the flagellates, in view of the close phylogenetic 
host relationships in termite protozoa. And when we consider the behavior 
and life history of Gigantomonas, that distinction is emphasized, although 
its structure—except for the absence of a parabasal body, which is not in itself 
a reason for generic distinction—corresponds closely to that of Macrotri¬ 
chomonas. 

All species of Macrotrichomonas have bodies that retain their form well in 
preparations, and show no alterations of form when examined in isotonic 
salt solutions. This is in marked contrast to what is true of Gigantomonas 
(p. 169). Macrotrichomonas divides in the flagellate phase, retaining the 
original flagella and developing new ones to complete the number, and making 
no significant change in size and activity. This again is in marked contrast to 
the great enlargement, the development of amoeboid forms, the loss of flagella, 
and the iiTegularities in morphogenesis in Gigantomonas herculca. Since in 
these respects the flagellate of Hodotermes is set apart not only from Macro¬ 
trichomonas but from all other devescovinin flagellates, it seems wise to retain 
at least generic distinction. 

Differentiation of a somewhat comparable degree, though of a different 
character, exists in another group that has plainly developed from the deves- 
eovinin type of flagellate. The structure of the mastigont system in Coro- 
nympha and Metacoronympha is identical with that of the devescovinid 
flagellates. The only difference is in the polymastigont organization in the 
cytosome. Those flagellates, however, are customarily placed not only in a 
separate family, the Calonymphidae, but sometimes even in a separate sub- 
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order of the Polynias tig ida (Kudo: Polymonadiiia) or in a separate order of 
Mastigoiihora (Weiiyoii: Polymonadida). 

In the features in which Gigantomonas hcrculca is distinct from Macro¬ 
trichomonas, it differs also from all members of the subfamily Devescovininae. 
Clearly, however, Oigantonionas has a close phyloj^eiietic relationship with 
other devescoviiiid flagellates. Tt has differentiated in a manner distinct from 
all the rest, and has lost the parabasal body. Although its origin, like that of 
the Calonymphidae, is evidently within the devescovinids, or in a common 
ancestral flagellate, it seems desirable to recognize the degree of differentiation 
by a separate subfamily gi'ouping. A new subfamily, the Gigantomonadinae, 
is accordingly proposed to contain it. The word Gigantomonadinae, for a 
division of the family Trichomonadidae, was published by me (1944, p. 364), 
but without any mention of its characteristics, of the type genus, or of included 
genera. As of that date, it may be regarded as a nomen nudum. The Giganlo- 
moiiadinae and Devescovininae are closely related, and it is probably desirable 
to bring out this affinity by including them in one family, the Devescovinidae 
Poche; reserving the family name Trichomoiiadidae for Trichomonas and 
related forms. 

Dogiel (1922) introduced the family name Amoebomitidae for the amoeboid 
Myxomonas forms, leaving the flagellate forms of Gigantomonas in the Tetra- 
mitidae. His diagnosis of the Amoebomitidae (translated from Russian) is: 
“uninucleate flagellates. The body has an amoeboid form. The locomotor 
apparatus is more or less reduced: the free flagella disappear, and sometimes 
also the axostyle, so that there is left only the undulating membrane (the 
dimensions of which, in comparison with those of the body, may be dispro¬ 
portionately small)It is the existence of these amoeboid forms that is the 
reason for the separate grouping of Gigantomonas, so that his family name 
applies to the same category that I have named Gigantomonadinae, although 
its original contents and definition were not the same. The name Anioebomi- 
tidae is, of course, not formed hi accordan<*e with Article 4 of the International 
Rules of Zoological Nomenclature; therefore, no name similar to it can be 
used for the subfamily. When proposed, Dogiers family contained only the 
genus Myxomonas, and the family name should have been based on the name 
of the type genus. The only genus in the subfamily Gigantomonadinae is 
Gigantomonas, of which Myxomonas is a synonym. 

DIAGNOSES 

GIGANTOMONADINAE subfam. nov. 

Amoebomitidae Dogiel, 1923, Arkh. nissk. protist. Obsbch., 1:215. 

Gigantomonadinae Kirby, 1944, J. Morph., 75:364 (nom&n nudum). 

Type genus.—Gigantomonas Dogiel. 

Diagnosis .—^Mastigont system of several anterior flagella, one trailing flagellum, axostyle, 
cresta within the cytoplasm, its edge at the surface; trailing flageUum paralleling and 
insecurely adherent to the outer edge of the cresta, but no undulating membrane; body of 
flagellate form very labile; an important phase in the life history is a much enlarged, 
amoeboid form, frequently binucleate with a persistent paradesmose, with reduced develop¬ 
ment of the mastigont structures. 
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Gigantomonas Dog:iel 

Giganionxonab Dogiel^ 3916, J. rusae Zobl., 1:6 (type species G. herculea Dogiel).—Connell, 

1932, fro parte, Univ. Calif. Publ. Zool., oTilSO. 

Myxomoms Dogiel, 1916, J. msse Zool., 1:15 (type species M, potymoiplia Dogiel). 

Diagnosif *,—IMastigout system Avitli throe long anterior flagella, one long trailing flagel¬ 
lum, large cresta, stout rodlike axostyle; typical trichomonad division series in amoeboid 
forms; atypical scries of much enlarged amoeboid forms, generally hinucleate -with per¬ 
sistent paradesmose and reduced masligont structures, differentiating this genus from 
Macroiricliomonas, 

Gigantomonas herenlea Dogiel 

(Pis. 17-23, figs. 1-27; figs. A, B, C, D, E, P) 

Gigantomonas herculea Dogiel, 3916, J. russe Zool., 1:6, pi. 1, figs. 8-12. 

Myxomonas polymorpha Dogiel. 1916, J. lusse Zool., 1:15, pis. 1-4:, figs. 13-44; text figs. 1-4. 

Type host.—Ilodotcrmes mossamhicus Hagen. Africa. 

Taveta, Kenya Colony. (V. A. Dogiel.) 

T-3063. 72 mi. n. of Mbeya, Tanganyika Terr. (Xenosyntype slides TP-2060:10,13.) 

T-4017. Weenen, Natal. (Xenosyntype slides TP-2077:3,4.) 

T-4019. Weenen, Natal. (Xenosyntype slides TP-2075:9,13, 18, 19.) 

T-4082. Commadagga, Capo Province. (Xenosyntype slides TP-3000:6, 7,12.) 

T-4138. Near Caliizdoip, Capo Province. (Xenosyntype slides TP-3021:1, 6, 7, 8.) 

T-4224. Near Kimberley, Cape Piovince. (Xenosyntype slides TP-3061:1,2.) 

T-4244. 28 mi. n. of Pretoria, Transvaal. (Xenosyntype slides TP-3070:1, 3,5.) 

T-4261. Near Bremersdor]), Swaziland. (Xenosyntype slides TP-3079:1.) 

Additional host.—Microhodotermes viator (Ijatrcille), Afiuea. 

T-4070. Peddie, Cape Province. (Homosyntype slide TP-2096:5.) 

T-4147. Near Barrydale, Capo Province. (Homosyntype slide TP-3027:4.) 

T-4195. Near Dwyka, Cape Province. (Homosyntype slide TP-3050:8.) 

T-4202. Near Victoria West, Capo Province. (Homosjmtype slide TP-3052:6.) 

Diagnosis. —Occurs in interpliase flagellate form, amoeboid division forms, and enlarged, 
usually binucleato amoeboid forms with persistent paradesmose and incomplete niastigont 
systems. Interphase fiagcllale form: ovoid, rounded anteriorly, length about 60-80^, vsridth 
about 35-50 /a; three slender anterior flagella 50-95/^ long; trailing flagellum a rather 
slender cord about equal in length to the anterior flagella; cresta large, inner part flat and 
deep-staining, outer ])a rt relatively clear and undulated at margin, length of anteromedial 
edge 12-18^, posteromedial edge 49-60^, external edge 76-94^; no parabasal body; axostyle 
with moderately expanded capitulum, trunk stout, consisting of an outer membrane and a 
siderophile inner core, sharpened to a point posteriorly; nucleus 7-12jnx 5-10;i, chromatin 
in small granules, endosomes several, moderate in size, varying in number and position; 
no adherent microorganisms; normal shape seldom retained in preparations. Amoeboid 
division forms: size 128 (80-300)^ x 63 (44-120)^; paradesmose fibrillar; in morpho¬ 
genesis, comidete reorganization of all cytosomal organelles. Binucleate and uninucleate 
amoeboid forms: size 175 (90-360)/* x 105 (65-170)/*; nuclei 34.5 (7-22)/* X 13.5 (6-22)/*; 
nuclexis usually associated with a small capitular extension; other organelles of niastigont 
system incompletely differentiated; ingested material usually abundant in cytoplasm. 

DISCUSSION OF DIENTAMOEBA PRAGILIS 
The most striking' feature of Dieniamoeha fragiMs is the persistence of the 
binucleate state with an extranuclear clesmose of which each end is applied 
to the membrane of one of the nuclei. In this particular, Dieniamoeha is unlike 
any protozoan that has been described, except Gigantomonas. There are many 



192 University of California Publications in Zoology 

flagellates that hare a binueleate or multinucleate condition but are without 
a persisting desmose; and there are many flagellates in which there is an 
extrannclear desmose, but this does not persist in a lasting binueleate state. 
It is, thereloi’e, of particular interest that we find in Gigantomonas herculea 
another organism which frequently ociuirs in an amoeboid phase in which 
there are usually two nuclei between wliich a desmose persists. 

Except for the absence of flagella, Dmitamoeba frag'ilis has a close similarity 
to Histonionas mcleagricHs, eLdcording to I>6be]l (1940) and Wenrich (1944). 
H. mclcagridis may occur in an amoeboid form without flagella. For the most 
part nuclear division is, as in flagellates in general, followed immediately by 
division of the bod 3 ^ An extrannclear desmose forms in nuclear division and 
persists until fission. In cultures, Bishop (1938) found a certain percentage 
of binueleate specimens, and in some of these (her fig. 11) the desmose is still 
present after the nuclei have resumed the interphase structure. But this state 
of development—^binueleate with persisting desmose—is infrequent in 
meleagridis and in occurrence is to be compared with the occasional bodies 
of Trichomonas vaginalis, containing two or more mastigont systems, that 
sometimes occur in cultures (Trussel and Johnson, 1945) rather than with 
the normal state of D. fragilis. 

In Qigantomonas herculea, however, the amoeboid binueleate form with 
persisting desmose is a prominent phase in the life history. In the high degree 
of development of the mastigont system of G. herculea, that organism cannot 
be compared with either Eistomonas or Dientamoeba. But in those very fea¬ 
tures, which leave no doubt about its true systematic position, it may throw 
some light upon the doubtful taxonomy of Dientamoeba. 

The desmose of Dientamoeba appears to be truly comparable to a parad- 
esmose—^the structure that in the monozoie Polymastigida is characteristic 
of dividing Trichomonadidae. It is evidently not simply a strand that is drawn 
out between two separating granules, but is a structure that has a capacity for 
autonomous growth, like the paradesmose of triehoinonads. The thickness of 
the strand in telophase stages of D. fragilis, when its length is several times 
the nuclear diameter, ai^pears in the figtires by Dobell (1940) to be as great 
or greater than that of the short strand in prophase stages. That is true also 
of Eistomonas meleagridis, so far as may be judged from Bishop’s figures. 
The ends of the strand in these organisms, as in all trichomonad and hjqDer- 
mastigote flagellates, are applied closely to the nuclear membrane. The fact 
that this structure, with its capacity for growth, characterizes the Tricho¬ 
monadidae, and among the polymastigote flagellates is found only in that 
group and its close relatives, supports the statement of Dobell that Eistomonas 
and Dientamoeba ‘‘are both obviously related to the Trichomonadidae.” The 
existence of a member of the trichomonad group of flagellates, Qigantomonas 
heretdea, which like Dientamoeba, occurs in an amoeboid binueleate phase 
with pei*sisting paradesmose, gives further support to that idea of affinity. 
Considering the reduction of mastigont structures in the amoeboid forms of 
(?. herculea, one might mdeed imagine the origin of Dientamoeba in a similar 
reduction of the flagellate features of a trichomonad-like fonn. It is clear that 
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the amoeboid forma of Gigantomonas are properly placed among the tri- 
chomonads, and would be so even if the flagellate phase had been lost; perhaps 
a placement of Dicntamoeba in the flagellates, at least, is similarly justified. 
Just as in ciliates the iiifraciliature is more significant in determination of 
affinities than the ciliature itself, which may be greatly reduced or lost in 
certain species, so in flagellates such structures as the blepharoplast and 
paradesmose may be of systematic significance even in the absence of flagella. 

SYMBIOTES IN THE CYTOPLASM AND NUCLEUS OP 
GIGANTOMONAS UERCULEA 

A noteworthy feature of the flagellates that inhabit termites is the frequent 
presence of diverse kinds of microorganisms within them. The number in the 
cytoplasm is especially large, when we consider the group of termite flagellates 
as a whole. Several soii:s, however, have been found in the nucleus, especially 
mTrichonympha (Kirby, 1944a). 

To provide an understanding of the flagellates as hosts of microorganisms, 
these symbiotes should be recorded and described as completely as possible, 
but this presents various difficulties. Most of them are available for study only 
on stained slides, prepared by methods adapted to the host flagellates, with 
no regard originally to the symbiotes. New material of the symbiotes cannot 
be studied, at least at present, by methods that would be appropriate to them. 
The life histories of the organisms can be worked out only by piecing together 
in probable order various specimens that are found. Consequently, not only 
is there uncertainty about the complete morphology and life history of the 
symbiote itself, but also it is extremely difficult to make comparisons with 
other microorganisms. 

In previous papers I have directed attention to various symbiotes of termite 
flagellates, without following any uniform system of designation. In some 
papers (e.g., Kirby, 1932) they have been given descriptive epithets, based 
on structure and position. In others, they have been referred to by comparison 
with the generic names of organisms that they resemble {“FusiformisAik^^^ 
microorganism oii Devoscovininae). In still others, they have been given 
names of the sort customary in zoological nomenclature (Kirby, 1944a, Cary- 
ococcus invadcns, Caryoletira anuJata), Specific names could, of course, be 
assigned to all these microorganisms, as there is practically no likelihood that 
those which occur in flagellates of termites are specifically identical with 
anything already described from other hosts. Their systematic position is 
often uncertain, however, and generic allocation is difficult. In the frequent 
absence of complete knowledge of life histories, one cannot be sure whether 
a form in one flagellate is the same as that in another. It seems desirable, 
therefore, to adopt some scheme for arbitrary designation of these symbiotes. 
This can be done by numbers or letters belter than by descriptive epithets, 
since the latter scheme is useful only within a particular group. The various 
kinds of microorganisms in Oigayiiomonas hercitlca can be designated by 
numbers. These numbers can be preceded by an abbreviation for the host 
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name, so that designation of the host in which they occur is also carried in 
the symbol. A few of the microorganisms can be given a complete enough 
diagnosis, and their systematic position can be veil enough ascertained, to 
permit generic and specific names to be assigned appropriately. That is un¬ 
questionably true, for instance, of Caryoletira amclata But in general, if this 
treatment is ever to be accorded to most of the organisms, it should be only 
after as complete a study as possible is made at least of representative types, 
and as extensive a comparison as possible is made among the different ones 
and with related mieroorgaiiisms. Meanwhile, the symbolic designation is 
sufficient to supply a means of reference, under which the facts now known 
can be put on record. 

In this account, I will not attempt to reach any definite conclusions con¬ 
cerning the systematic affinities of the microorganisms described. The groups 
to which relationships may be conceived with reference to different micro¬ 
organisms are bacteria, Chlamydozoa including Rickettsiaceae, Microsporidia, 
Haplosporidia, and Chytridiales. Resemblances to certain members of these 
groups will be considered in the accounts of the different organisms. 

Symbiote GhI 
(Fig. G, 1-23) 

Host,—Gigantomonas hetculea Dogiol in Uodoteimes mossambicus, 

T--1232. 15 nil, n. of Christiana, Transvaal. (Syntype slides TP-3067:36B, 28B.) 

T-4224. 7 mi. n. of Klimbcrloy, Cape Piovince. (Xenosyntype slide TP-3061;2.) 

The microorganism designated as Symbiote Ghl was found fairly abundant 
in sections made from several KodoUrmes mossambicus of one colony from 
the Transvaal. There were some, too, in whole mounts of flagellates from the 
other colony recorded above. The symbiotes were found only in the large 
amoeboid forms of Oigantomonas herculea (fig. G, 1); they were sometimes so 


Pig. G. Symbiote Qhl. (J. S.TI. X 960. 2-23. Soiies of developmental stages, x 2950. 21 and 
22 S.D.j others S.IT.) 1. Biuueloale, amoeboid form of Gtxgantomonaa herculea, cytoplasm 
eontciinmg the symbiote in vaiious stages of development. 2, o^/. Eaily stage of the symbiote, 
showmg fission, 3, a and &. (^toplasm marked oft into two regions, 4. Body diffeientiated 
mto two halves, one hght-btaiiiing, one daik-stainmg. 5, 6. Light-staming part enlarged, 
ellipsoidal in form. 7. Ellipsoidal body separated fiom the lemainder. 8. Ellipsoidal body 
eontaming a doep-staincd giannlc. 9. Outer boundary of the inner body marked by a row of 
deep stamed granules. Cential granule larger than in 8.10. Cential body laige and densely 
black. Stamed masses at pcripheiy of inner ellipsoidal region. 11. Outer shell membiane giay, 
homogeneous. Ellipsoidal inner body paitly separated fiom iuside of shell. 12. The deep- 
stained cential body is large and there aro numoious flocks of chromatic material in the sur¬ 
rounding cytoplasm. Scpaiation from the shell distinct. 13. The dense cential body has 
attamed a maximum size, filling most of the space within the shell. 14. Optical section of fully 
developed spore The inner body, which formerly staiued deeply, is now lefiactory to iron- 
haematoxylm. There is a caplike accumulation of stained material on the inner surface of the 
shell at one end, and stained material on the outer surface of the shell at the same end. 16. A 
piotruding mass of deep-stainmg substance at one end of the spoie. This may be the daiker 
staining half of the eailier stage, as 5.16. Showing the form of the cap of iron-haematoxylin- 
stained substance on the inner surface of the shell, 17. Optical section. Eefractile inner body, 
cap on inner surface of shell at one end, stained bodies in shell at the peripheiy. 18. Surface 
view of same specimen as fig. 17, showing the pattern produced by the stamed bodies in the 
outer substance of the shell. 19,20. Optical section and surface view of another specimen, 
showmg structures similar to 17 and 18. 21. Inner body, shell, and outer surroundmg mem¬ 
brane which shoivs in Belafield-stained material. 22. The shell is stained homogeneously in 
Delafleld's haomatoxylin, showing that it is a thick, solid membrane. 23. Shell bioken, en¬ 
closing the very smooth ellipsoidal inner body. 
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abundant as to occupy the whole cytosome, with considerable density. Various 
stages of development occur together in the host flagellate. In some hosts, 
however, the mature forms are more prevalent; in others, developmental 
forms prevail. There is little reason to doubt that the various forms described 
below actually belong in the life history of Symbiote Ghl. 

The symbiotes lie in the cytoplasm individually (fig. G, 1), with no group¬ 
ing of the sort that characterizes the Sphacrita-iy^^ of microorganism. In 
Delafield-stained material a narrow clear space surrounds each sjunbiote, 
or pair of symbiotes in the early fission phases, and at the outer boundary of 
this phase is a membrane. It is not apparent whether this membrane is the 
boundary of a cytoplasmic vacuole in which the symbiote lies, or is a structure 
belonging to the symbiote, which then is directly surrounded by cytoplasm. 
There are indications that the latter is the true explanation; sometimes a clear 
space appears on both sides of the membrane. 

One form of the symbiote is an ellipsoidal body or rod wdth a length of 2.5 
to 5/x. and a width of about 1.5/x, equal in size at both of the rounded ends 
(fig. G, 2, a, b). This is apparently an early stage in development. The rods 
vary in depth of staining, but all appear more or less homogeneous and in the 
material studied show no internal differentiation or indication of nuclei. 
Many of the longer rods appear to be in various stages of transverse fission 
(fig.G,2,e-f). 

In rod forms that evidently follow in development those described above, 
the size and shape is the same but iron-haematoxylin staining shows a differ¬ 
entiation into two parts (fig. G, 3, a~b; G, 4). The substance of one half stains 
less intensely than the other. Later the lighter region becomes clearly indi¬ 
vidualized and enlarged, so that one end of the rod appears swollen (fig. G, 
5, 6, 7). The darker-stainiiig part undergoes no great change in size. In later 
development what is apparently the same substance may still be found as an 
appendage or incrustation on the surface of the enlarged, ellipsoidal struc¬ 
ture (fig. G, 15); at that time it is deeply stainable by iron-haematoxylin. 

When it first begins to enlarge, this rounded structure shows no iiitenial 
differentiation. A small granule that stains deeply with iron-haematoxylin 
then appears within it, and subsequently increases in size (fig. G, 8-13). At 
its periphery, set off by a space, a thick membrane develops (fig. G, 12). The 
membrane is often especially thick at one end; it becomes a shell-like struc¬ 
ture, which stains solidly with Delafield's haematoxylin (fig. G, 22). That 
stain also reveals a thin membrane that surrounds the shell-like structure, 
separated by a clear space of variable width (fig. G, 21). 

The nucleus-like body enlarges until it occupies almost all of the space 
within the membrane. In the material examined its substance was always 
solidly stained with Heidenhain’s iron-haematoxylin. Granules that are stained 
by the same process were present in the cytoplasm outside of the enlarging 
nudeus-like body (fig. G, 10, 12); and when that cytoplasm is more or less 
entirely replaced in enlargement of that body, similar granules are present 
between it and the thick membrane. The granules are generally situated 
toward one end; and in specimens that appear mature they have coalesced 
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into a cap-shaped mass applied to the inner surface of the membrane (fig. G, 
14-17). The cap-shaped mass stains intensely with Heidenhain’s iron-haema- 
toxylin, but not at all with Delafield’s haematoxylin. 

The inner body attains a length of abont 4/i, with a broad ellipsoidal form, 
while it still stains intensely; in what appear to be later stages it has not in¬ 
creased appreciably in size but is entirely refractory to iron-haematoxylin 
(fig. G, 14-17). At the same time, the stain reaches the cap-shaped mass 
through the thick membrane, indicating that it is not that membrane which 
excludes the stain. The outer layer of the thick membrane shows a pattern 
of iron-haemaloxylin-staining patches of variable size and shape (fig. G, 
17-20). Most often the patches are narrow and elongated. They do not show 
at all in Delafield-stained material. 

The fully developed structure, as shown in fig. G, 14,16,17, 22, has a length 
of 8-9/jt, a width of 6.5-7.5/jl, and the membrane encloses an ellipsoidal body, 
refractory to stain, which measures 4.5-5 x 4-4.5/i. 

When Symbiote Qhl was first fSeen it was thought that it might be a micro- 
sporidian (Kirby, 1941, p. 1079); but closer study has not upheld the idea 
of its affinity to that group of protozoa. There is no polar capsule, no polar 
filament, and no definite, constant nuclear structure has been found. There 
are points of resemblance to bacteria; and the process of development, accord¬ 
ing to the pattern described, suggests spore formation in bacteria in many 
particulars. 

The trophic forms are bacillus-like, and they multiply by transverse fission. 
The region that may, in this comparison, be regarded as a spore primordium 
is set off from the rest of the cell by a membrane-like demarcation, and some¬ 
times (fig. G, 7) it is set off by a clear area. Phenomena like this have been 
described, for instance, by Lewis (1934) in Bacillus mycoides. The appearance 
of the deep-stained granule in the apparent spore primordium, and the pro¬ 
gressive enlargement of this body, are events comparable to what has been 
described in some bacilli. The figures by Petit (1921) of spore formation in 
a bacillus show, in fixed and stained material, a small deep-stained polar 
granule, which enlarges greatly and continues to be stainable, but finally does 
not take the stain. There are similarities, too, in what Ambroz (1909) desig¬ 
nated as the second type of chromatin condensation in spore formation of 
Bacillus uHrL Bacillus mycoides shows comparable stainability changes in 
development of the “vorospore” (Lewis, 1934). Delaporte (1939) described 
how in several bacilli the spore begins in a polar chromatic granule which 
stains by iron-haematoxylin, and which enlarges little by little until the spore 
becomes mature, when it does not stain. The chromatic axial filament which 
Delaporte regularly found in the bacteria she studied was not seen in Symbiote 
Ghl, The statement by Lewis (1941) that in bacteria the spore is formed 
from a clear, hyaline, polar spore primordium, which is set off from the re¬ 
mainder of the cell by a membrane; that it results from a condensation of the 
substance contained in the spore primordium; and that during the early stages 
before the spore body has become fully condensed it stains readily, contains 
generalizations that can be applied to Symbiote Ghl. 
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The size relationships, however, are not at all comparable with what is 
known of bacilli. Not only do the spores become very much larger than the 
vegetative cells, but their actual size is relatively very great. The dimensions 
of about 8 X 9/jl are about three times the length and five times the width of 
the average-sized trophic cell of Symbiote Ohl. If Ihe pattern of development 
traced above is authentic, the spore obviously is not developed without very 
considerable addition of substance from outside; that is, it results not only 
from a condensation and organization of materials in the cytoplasm, but also 
from continued growth. 

No conclusions can safely be drawn now about the systematic affinities of 
the Symbiote Ghl. No germination of the supposed spores has been seen, no 
cultural or physiological studies could be made, and the pattern presented 
as the course of development is based merely on an interpretation of the 
probable arrangement of the forms seen. If the symbiote is encountered again 
in its South African host, or a form similar to it is found elsewhere, further 
studies should be interesting and fruitful for the subject of the cytology of 
microorganisms. 

Symbiote Gn2 
(Fig. n, 1,2) 

Host.—Giganiomonas heiculca Dogiel from Uodoiermes 'nios6aml}i(n{<t. 

T-4232.15 mi. n. of Christiana, Transvaal. (Syntype slides TP-3067:3CB, 31B, 31 A.) 

Like S 3 nnbiote Ghl, this microorganism was often found to be extremely 
abundant in the body of large, amoeboid foims of Giganiomonas herculca. It 
occurs in the cytosome in more or less spheroidal groups of varying size (fig. 
H, 1). The individual symbiotes are distributed evenly throughout the interior 
of the group, and there is no evidence of a membrane surrounding the group. 
A clear region is immediately around the organisms, but the boundary of this 
is no more than the limit of the surrounding plasma. 

The individual symbiotes within the group are apparently spores, and most 
of them are mature. Their length is 2-2.5ju., and tlieir shape broadly ellipsoidal. 
In their stimcture they show notable resemblance to the spores of Symbiote 
Ghl, but they are much smaller, and consequeully it is not possible to make 
out so much detail. There appears to be a relatively thick surrounding mem¬ 
brane; this shows in optical section only as a clear area bounded by an outer 
and an inner line, but the interpretation that is certain in Symbiote Ghl is 
probably applicable to this microorganism also. The body within does not 
show the separation from the membrane that was observed in the other 
symbiote. At one end is a mass, which in optical section appears more or less 
crescentic, and which stains intensely with iron-haematoxylin. 

I have not found a complete developmental series in Symbiote Gh2, but a 
number of what appear to be earlier stages occur in some of the groups of 
spores (fig. H, 2). The most frequent of these has a large deep-stained spherule 
at one end, a narrow clear zone around this, and a fairly dense cytoplasm 
elsewhere; it is an exact miniature of a form that occurs in Symbiote Ghl. 
Some other smaller forms which have been seen seem to be still earlier phases 
of development. 



199 


Kirhy: Gigantomonas hercidea 

It appears likely that this microorganism is related systematically to Sym¬ 
biote Ghl, but there seems to be no doubt that it is specifically different. It 
occui’S in groups, often of a large number of spores, whereas the individuals 
of Ghl are isolated in tlie cytosome. There is a very great difference in size, 
which lies far outside of the limits of variability in the forms I have seen. 



Fig. H. Symbiote Gh2. 1. Section of a binueleate, amoeboid Gigantomonas Jierculea, 
cytosome containmg many groups of the symbiote. S.H. x 960. 2. Diagrams of individual 
forms of the symbiote. The figures from left to right may represent successive stages in 
development, which are somewhat comparable to those of symbiote Ghl, though of much 
smaller size. S.H. x 2950. 


Symbiote Gh 3 
(Fig. 1,1,2) 

Eoiit.—Gigantomonas Jicrcnlea Dogiol in Hodotermes mossamhicus. 

T-3061. Between Mbeya and Iringa, Tanganyika Territory. (Syntype slides TP-2061:7A, 
7B.) 

In the cytosome of large amoeboid forms of Gigantomonas herculea the 
microorganism designated Symbiote Gh3 occurs in groups that are similar 
in size to the larger aggregates of Symbiote Gh2. The groups are more or less 
spherical in shape, and are generally definitely outlined, but there is no indi¬ 
cation of a surrounding membrane (fig. I, 1). The symbiotes appear to lie 
merely in a space in the cytoplasm, a great number of them together. Generally 
they are densely packed throughout the mass. Altogether not more than a dozen 
groups have been found, one or two of them being present in a single flagellate, 
and those were seen only on the sections listed above. On two occasions, groups 
were ruptured and the organisms were in part dispersed in the cytosome. 

The form of the symbiote that evidently is mature, and is the only stage 
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present in most of the groups, has a structure which is very cliiBEerent from 
that of Symbiote Gli2. As seen from one aspect, its shape can be compared to 
that \\hich characterizes the desmid Cosmariiim (fig. I, 2). There are two 
halves, an equatorial constriction that is not very deep, and a relatively broad 
connecting isthmus. This miglit seem to be a fission form, but that could not be 
so, because all the symbiotes have the Colmarium form and the depth of the 
equatorial constriction is constant. When turned at a right angle to the posi¬ 
tion that makes the above comparison possible, tlie organism has a circular 
outline. In the iron-haematoxylin-stained preparations the isthmus region 
appears clear and the two halves are usually intensely stained. The largest 
Cosmarium-sihsi'ped forms have a diameter of about 2.5/i, but there are smaller 
ones of 1.5-2jx. 


1 3 

©ooeottH 4 

2 

Pig. 1.1,2. Symbiote GhS, S.H,: 1, A group in the cytoplasm of a large amoeboid form of 
Gigantomonas herculea. x 940. 2. Individual forms of the symbiote, showing what are ap¬ 
parently successive stages in development, x 2875. 3,4. Symbiote Qh4, Z.H.: 3. A group in 
the cytoplasm of a large amoeboid form of Gigantomonas Jteroulea, surrounded by a very 
distinct membrane, x 960. An individual symbiote from this group, x 2950. 

In a few groups there occurred, along with CoswionKm-shaped forms, others 
that are presumably earlier developmental stages (fig. I, 2). The smallest of 
these are about l.Sjn in diameter, are round in outline, show no equatorial con¬ 
striction, and contain a relatively lai’ge deep-staii\ing granule. The granule 
is central or eccentric in position. Other forms of similar or larger size have a 
clear equatorial band rather than a groove; subsequently a definite groove 
develops. The CosMianMm-^aped forms that then result may still show the 
interior nuclear granule; in later stages, as already stated, the stain is so 
dense that no interior structure can be observed. 

Symbiote Gh4 
(I’ig.1,3,4) 

Host,—OigantomoTicLs heroulea Dogid in Hodotermes mosscmbicus, 

T-4232.15 mL n. of Christiana, Transvaal. (Syntype slide TP-3067 ;24B.) 

Several masses of Symbiote Gh4 were found in the cytoplasm of sectioned 
amoeboid forms of Qigantomonas kerculea. Each mass is surrounded by a very 
distinct membrane (fig. 1,3). Throughout all the space within the membrane 
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the individual symbiote bodies are very numerous and closely packed. Each 
has a more or less spherical form, vith a diameter of about 1ft or somewhat 
less, and contains a sharply defined black-stained granule at or near one edge 
(fig. I, 4). The granule is separated by a clear zone from the adjacent gray 
region. 

Symbiote Gh5 
(Fig. J, 1-7) 

Eoi>t.—Gigantomonas hcrculea Dogiel in JJodotcrmes mossamMous, 

T 4017. Weenen, Natal. (Syntypo slide TP-2077:3.) 

T-4082. Commadagga, Cape Province, (Xonosyntype slides TP-3000:7,12.) 

T 4019. Weencn, Natal. (Xcnosyntype slide TP-2075:9.) 

Symbiote Gh5 has been found in both whole mounts and sections of GKganto- 
moms herculea from various colonies of Hodotermes mossambicus and occurs 
both in amoeboid forms and in fiagellate forms of its host. 

It occurs in the cytosome. Most often, in amoeboid forms of the host flagel¬ 
late, there are numerous more or less spherical groups which are very diverse 
in size (fig. J, 6). Some of the groups are very small, comprising only a few 
individual bodies; and many of the hosts also contain isolated symbiote bodies 
in the cytoplasm. In the smaller, fiagellate forms of 0. herculea single, very 
large groups have sometimes been found. 

There appears to be a membrane around each group, though it is often not 
very distinct. The symbiote bodies enclosed by the membrane are densely 
packed, as a rule, and are evenly distributed throughout the interior. In none 
of the groups I have seen, from the smallest to the largest, have I been able to 
recognize any matrix substance enclosing the individual symbiote bodies, 
which appear as isolated granules. 

Taken all together, the spherical bodies of Symbiote Gh5 range in diameter 
from 0.5-2fi. The smallest sizes occur in what are most likely developmental 
stages; but in some symbiote groups the individual bodies have a larger size 
than in others seemingly in the same stage of development. About l-1.5ft is 
the most frequent range of diameter in mature forms. 

The symbiote spherules differ in internal structure and in stainability. 
Some are homogeneous and have a gray iron-haematoxylin stain; others appear 
as rings in optical section, and stain either gray or black. Some groups have 
only small granules with a homogeneous appearance and a gray stain; those 
may be early developmental stages (fig. J, 1). In other groups in addition to 
similar granules are some that are larger, ringlike, and black (fig. J, 2-3). 
In still other groups most of the granules are of the larger size and ringlike, 
but they fall into two categories as regards stainability (fig. J, 4). The black 
rings are fewer than those that stain less intensely. 

In its gx*ouping in the cytoplasm, Symbiote Gh5 resembles organisms, 
occurring in the cytoplasm of many protozoa, that have been widely referred 
to as Spkaerita, a genus of the Chytridiales, In his systematic work on aquatic 
Phyeomycetes, Sparrow (1943) gave place to certain species of Sphaerita and 
Pseudosphaerita in free-living flagellates and amoebae, considering mainly 
those chytrids seen by Dangeard, He was unable, however, to include various 
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other organisms which had been described tinder the name Sphaerita, because 
not enough data were provided for systematic treatment in his account. In my 
review (1941) of organisms living in the bodies of protozoa, I followed the 
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Fig, J. Symbiote Gh6. (1-3. Groups from a single binucleate amoeboid host. S.H., x 1880.) 
1. The smallest groups show only gray spherules. 2. In most of the groups there are deep- 
staining rings and granules in the interior. 3. The latter are more numerous in the larger 
groups. 4r-6, Two groups from another amoeboid host; The individual symbiote bodies in 
the smaller group are much smaller in size than are those in the larger group. The bodies in 
the larger group, especially the stained ones, appear as rings; in the smaller group there 
are fewer deep-irtained bodies, and they appear solid, S.H. x 1880. 6. An amoeboid binucleate 
G^gantomonas Tierculea with many groups of Symbiote Gh5, in various sizes, in the eytosome. 
S.H. X 960. 7. Detail of symbiote forms from same specimen, x 2960. 


euBlxm of protozoSlogists and treated all these symbiotes as belonging in 
the Chytridiales. It must be admitted, however, that in the absence of observa¬ 
tions on living material, concerning among other things the formation, be¬ 
havior, and flagellation of zoospores, such an assignment is questionable, as 
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Sparrow recognized. In many organisms we do not even know that a multi- 
nucleate thallus is formed; the spherules that are seen may perhaps be isolated 
at all times. Studies of fixed and stained material should, if complete, be more 
adequate morphologically than those based only on living material; but 
none of the accounts of so-called Sphaerita in endozoic protozoa have provided 
indisputable evidence of the presence of the features necessary for placement 
in that genus. For decision on the position of symbiotes such as 6h5, studies 
of the complete life history are needed. 



rig. K. (1 and 2. Symbiote Gh6. 3-5. Symbiote Gh7. S.H.) 1. Section of Gigantomonas 
herculea, uninucleate form with part of cresta. Moniliform filaments in cytoplasm, x 960. 
2. Freehand diagram of one of the filaments from the specimen represented in fig. K, 2. 3. 
Part of the body of an amoeboid Gigantomonas heroulea with paradesmose and small new 
crestas. Symbiote scattered in cytoplasm, x 900.4. Forms of the symbiote from the specimen 
of fig. K, 3. Stout rods, fission forms, and bodies with deep-stained regions at one or both 
ends. X 2200. 5. Forms of the symbiote from another specimen. Stout rods and fission forms. 
The ellipsoidal, apparently mature forms show well-defined caplike-stained substance at the 
ends. X 2200. 


Stmbiotb Gh6 


(Fig. K, 1-2) 

Bost.—GigamtOTnonas heroulea Dogid in Sodotermes mossamhicus, 

T-4232.16 mi. n. of Christiana, Transvaal (Syntype dide TP-3067:36B.) 

The symbiote designated Gh6 was seen in only a few specimens on this slide. 
That it is an organism actually living and growing in the cytoplasm is sug- 
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gested by its distribution and appearance. There are many moniliform fila¬ 
ments, which range in length from 2—3 /ji, or less, to 8-10/*. Each filament is 
made up of a row of deep-stained granules, evenly spaced and close together 
(fig. K, 2). It cannot be said whether or not the granules are separate, but 
connected, bodies; they may be in a matrix of nonstaining, continuous sub¬ 
stance. The size of the granules is about the same in all the filaments; differ¬ 
ences in length are coiTelated with proportionate differences in the number 
of granules. Filaments are dispersed throughout the cytoplasm, and a large 
number of them are aggregated in a large mass in the specimen represented 
(fig. E, 1). In the mass the filaments are dense and form a rounded group, 
but the group is not enclosed in a vacuole. Around the edges filaments extend 
out freely into the surrounding cytoplasm. 

Symbiote Gh6 has some morphological resemblance to the symbiote which 
occurs in all specimens of Trichonympha campamda and T. collaris, and which 
was described by me (1932) under the name “proximo-nuclear parasite.” Its 
form further suggests that of rickettsiae in certain phases. In some features 
of structure and also in size there is, for instance, a certain similarity to the 
thread forms of Rickettsia prowazeki and Dermacentroxenus rickettsi found 
by Pinkerton and Hass (1932, a and b) in the cytoplasm of tissue-culture cells. 
Such forms were shown also by Wolbach (1919), But consideration of these 
morphological similarities is of no great value in defiLning the systematic 
position of the organism. 


Symbiote Gh 7 
(Fig. e:,3-^) 

Host,—Oigantomonas lierculea Dogiel in Kodotermea mossambioua, 

T-4019. Weenen, Natal. (Syntype ^ides TP-2076:13, 9.) 

Symbiote Gh7 is fairly frequent on a series of slides made from termites at 
Weenen. It is scattered in the cytoplasm, in no particular grouping (fig. K, 3), 
and may be present in great abundance in its hosts. The larger forms of the 
symbiote Eire rods about l/i x 3/*, TOth rounded ends (fig. K, 5). Smaller forms 
grade down to 0.5ii,x2p. or less, and frequently occur in binary fission (fig. K, 4). 

The interior structure of the symbiote is generally not very well defined 
in the material I was able to study. The cytosome showed stained and non- 
stained areas, but no body was seen that could be regarded as a nucleus. In 
some specimens the bacilliform, elongate symbiotes show deep-stained caplike 
regions at the two ends (fig. K, 5). 

Descriptions of forms similar in shape and caplike stained ends can be 
found in the literature concerning a Tariety of subjects. For instance, there 
are diagrams suggesting some forms of Symbiote Gh7 in figures of Lindner 
bodies reported in trachoma (Heymann and Eohrschneider, 1930, fig. 7); in 
figures of the supposed spores of Cytoryeies variolae, thought by Calkins 
(1904) to be a sporozoan associated with smallpox; in figures of the supposed 
spores of Caryoryetes eytoryotoides, described by Calkins (1904) in the macro- 
nudeus of Paramecium; and in drawings of the ring-shaped bodies of “Thei- 
leria isutsugamushi," reported by Hayashi (1920) in the blood cells and plasma 
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of patients suffering from tsutsugamushi disease. The form is not, evidently, 
characteristic of a particular kind of organism. It is a type of body which may 
occur in various naicroorganisms, and also in certain cell inclusions. 

Symbtotb Gh8 

(Fig. L, 1,2) 

Host.—Gigontonnonas herculea Dogiel in Hodotermes mossamhiciis. 

T-4017. Weenen, Natal. (Syntype slide TP-2077 ;4.) 

Symbiote Gb8 "was seen only in amoeboid, binneleate specimens of its host. 
A group in a large vacuole is surrounded by a relatively thick membrane. 



Pig. L. Symbiote Gh8.1. Part of tlie body of a binucleate, amoeboid Gigafitomonas her- 
cndea. A large vacuole, with a distinct membrane, containing the symbiote, mostly massed in 
one part. At the periphery in the other part are smaU forms, many in fission, that probably 
are early developmental forms of the symbiote. S.H. x 675. 2. SmaU rods, fission forms, and 
the larger, shallowly constricted bodies with deep-staining margin that make up the dense 
mass in fig. 1. x 2200. 


What seem to be the mature forms of the symbiote have a length of 2-3/*, a 
stout elongate form, and are typically smaller in diameter at one end than at 
the other. The body margins are often shallowly constricted near the middle. 
Around the periphery is a layer of substance that stains deeply with iron- 
haematoxylin. These forms were very densely packed in one half of the vacuole, 
and there were few in the remainder. In the region where they were sparse, 
numerous much smaller forms were visible at the periphery of the vacuole. 
These were like rods in form, with a length ranging from less than a micron 
to about 1.5/i, and many showed binary fission. Though intermediate stages 


206 University of California Fiiblicat%ons in Zoology 

iu complete series of development to the larger forms were not found, these 
symbiotes probably represent early stages and laler stages of the same micro¬ 
organism. 

Symbiote Qn9 
(Fig. M, 1-3; pi. 4, fig. 12) 

Eoht—Gigantomonab hciciih a 1^)0,101 ii\ ILodolt) mt s mos^ambicns. 

T-4019. Woenen, Natal, Soutli Atiica. (Sjntj'po slides TP'2075:9, 11.) 

T-3061. Botwoen Mboya and Innga, Tanganyika Tciiitory. (Xenosyntypo slides TP-2061; 
2C, 7B, 9A.) 



Fig. M. Symbiote Gb9. S.n. 1. Nuclei of a division foim of Gigantomonas herculeaj con¬ 
nected by a paradesmose, with two large new crestas, substance of both nuclei completely 
destroyed and replaced by symbiote. The nuclei are greatly enlarged, x 960. 2. Individual 
symbiote bodies from another, also greatly enlarged nucleus, x 2200. 3. Parasitized nucleus, 
chiomatin reduced to mainly peripheral flecks. The nucleus is not enlarged and the symbiote 
is present in the form of homogeneous spherules, possibly in a matrix. This probably is 
symbiote Gh9 in an early stage of development, x 2200, 

Symbiote Gh9 occurs in the nucleus, and has been found in both flagellated 
and amoeboid phases of its host in termites from several localities in East 
Africa and South Africa. DogieFs figure 26 possibly represents the same or¬ 
ganism ; his idea of the significance of the figure is, however, veiy different 
from mine. The nucleus he represented is much enlarged and is filled with 
large granules; he thought that it represented the inception of nuclear divi¬ 
sion in which the interior of the nucleus becomes filled up with a great number 
(over a hundred) of rather large, round chromatin granules—^the chromo¬ 
somes. These chromosomes, he thought, later elongate and assume the shape 
of threads. 

When the parasite is fully developed, the nucleus has become much en¬ 
larged and the chromatin and nucleoli have disappeared. In stages in which 
the normal nucleus has a longer diameter not exceeding 16 /jl, it may be enlarged 
to as much as 33/i x 20/a, which is the size of the larger of the two nuclei 
represented in plate 20, figure 12. 
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In some of the parasitized nuclei, as in the one represented in figure M, 1, 
a connecting paradesmose is present and large new crestas have developed. 
It is unlikely that mitotic division of parasitized nuclei would take place, so 
parasitizatiou probably had occurred after division had been completed. The 
nuclei evidently remain in lliis stage with connecting paradesmose for some 
time. 

The nuclei are fiUcd ^ith a closely packed mass of spores, which are about 
1.5-2.5/z in diameter, and broadly ellipsoidal in form. When differentiation 
has been sufficient for internal structure to be made out, a relatively large 
granule appears at one end (fig. M, 2). The rest of the spore contents takes a 
gray stain with iron-haematoxylin. Sometimes the uhole spore is stained 
densely, as was evidently true in those represented by Dogiel. 

Some nuclei that are enlarged little or not at all contain what is probably 
the same parasite in an earlier stage of development (fig. IVE, 3). Homogeneous 
spherules fill the interior; these generally stain gi*ay in iron-haematoxylin 
preparations. Vestiges of chromatin are present, in the form of flecks and 
filaments distributed mainly at the peripheiy. 

In its occurrence in the nucleus, the effect on the nucleus, and the shape and 
arrangement of the spores, Symbiote Gh9 suggests Nucleophaga. It resembles 
the microorganism in the nucleus of Cacluceia iheobromae shown by me (1941, 
fig. 218, L) and referred to as Nucleophaga, and that in the nucleus of 
Trichonympha chattoni described by me (1944^7, pi. 15, fig. 56) and designated 
a Nticleophaga-like parasite. Sparrow (1943) considered Nucleophaga to be a 
genus of uncertain relationships; the generic identity of various intranuclear 
parasites of protozoa, which have been described under that name, with N%i- 
cleophaga amoebae Dangeard has obviously not been established. Other intra¬ 
nuclear organisms occur in Trichonympha (Kirby, 1944a), as well as in higher 
animals. Sjunbiote Qh9 can be designated Nucleopliaga-YikQ, perhaps; but 
decision about its systematic position must await further study of it and 
similar microorganisms. 

SUMMARY 

In Eodotermes mossambicurt in Bast Africa and South Africa, and in Micro- 
hodofermes viator in South Africa, Oigautomonaft hcrculea Dogiel, 1916 has 
been studied. Myxomonas polymorpha Dogiel, 1916 is a synon;^Tn of Q. her- 
culea; it consists of certain phases in the life history of that flagellate. 

The new subfamily Gigantomonadinae, which is a group of trichomonad 
flagellates and is closely related to the Devesco^nninae, is established for 
Oiganiomonas as the type genus. It corresponds to the family Amoebomitidae 
of Dogiel, 1922; that family name is not valid. 

Gigantomonas hcrculea has a flagellate form and amoeboid forms. The 
former has three anterior flagella, a trailing flagellum, a stout axostyle, and a 
large eresta. This form is similar in structure to members of the subfamily 
Devescovininae, except for absence of the parabasal body. 

Amoeboid forms, which show amoeboid activity and attain a much lai^er 
size than the typical flagellate form, have a prominent place in the life history. 
Division takes place only in these forms. 
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The division series that most resembles that characteristic of trichomonad 
flagellates results in typical flagellate forms. Morphogenetic processes involve 
the complete reorganization of all extraimclear organelles. 

A common form of Qigantomonas liercuka is a relatively large amoeboid 
type with two micloi and pereisting paradesmose. The paradesmose eventually 
disappears and cytoplasmic division separates the nuclei. These forms show 
variability iu development of the mnstigont structures. 

The binucleate form has an organization which suggests that of Dientamoeba 
fragilis in the amoeboid body, in the two nuclei, and in the persisting parades¬ 
mose. A discussion is given of the significance of this resemblance in regard 
to the possible flagellate affinities of D. fragilis. 

Nine kinds of symbiotes have been found in Qigantomonas herculea, one in 
the nucleus and the others in the cytoplasm. 

Symbiote Ghl is bacillus-like, and it develops a relatively large sporelike 
body by a process which suggests spore formation in bacteria. Early in the 
development of the apparent spore primordium, a small iron-haematoxylin- 
staining granule appears in it; the granule gradually enlarges to a deep- 
staining body of the full size of the ellipsoidal body that contained it. The 
ellipsoidal body is, in its final condition, refractory to stain. 

Symbiote 6h5 has features that correspond to those of certain parasites of 
protozoa that have been considered to be Sphaerita. It is pointed out, however, 
that, in this and many other Sphacnta-like symbiotes in protozoa, not enough 
is known to permit being positive about the systematic position. 

The intranuclear symbiote, Gh8, resembles forms that have been regarded 
as Nucleophaga; likewise, the true affinity of the organism is uncertain. 
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PLATES 

All figures have been drawn with the aid of the camera lucida. 

Abbreviations for methods of preparation: Heidenhain^s 

iron-haematoxylinj S., Schaudinn’s fluid; FI., Flemming’s fluid; 
B., Eegaud’s haematoxylin; Zirkle’s copper-dichromate fixa¬ 
tive. 



PLATE 17 


Giganiomoms licrculoa fiom Modoln mcs inossamUciiH, 

Fig. 1. TLo specimen is normal in form and is typical of the flagellated plinso 
of Gignntomonas lin-culea, except that in it the axostyle is Wnixt instead of 
pointed posteriorly and there is a flnger-Iike appendage on the anterior part 
of the cresta. In most specimens the trunk of the axostyle is like that of flgure 2, 
plate 18. The cresta is imbedded in the cytoplasm with a clear zone adjacent 
to it. Its undulated outer edge is at the surface of the body. The trailing flagel¬ 
lum parallels this edge, and continues in a short free flagellum. The inner part 
of the cresta is flat and deep-staining. At tlie anterior right of the C7tosome 
are two granules, near which three long anteiior flagella extend free from the 
body. In its anterior pail, the axostyle is somewhat expanded in a eapituluni 
on the right side of the nucleus. A narrowed prolongation of this extends to 
the region of the blepharoplasts. The dorsal border of the capiiulnin as seen 
here appears as a deep-stamed fibril, and the mcmbianc is prolonged postoi iorly 
in an arnilike appendage that reaches around the posterior end of the nucleus. 
A deep-stained, short, anteriorly directed appendage hero originates from the 
anteromedial border of tbc cresta; it is not present in most specimens. Length 
59 /a, width 3G/A. S.H. x 3000. 
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PLATE 18 

Gigantomonah herculea from Hodoiermcs nwssamhicus, 

Pig. 12. The trailing flagellum more or loss parallels the undulated outer mar¬ 
gin of the cresta, but is not attached to it in most places. The axostyle is pointed 
posteriorly, entirely enclosed in the cytoplasm, and soniovvhat expanded in a 
capitulum alongside the nucleus. Except for the presence of the 3 anterior 
flagella and 1 trailing flagellum, this specimen resembles what Dogiol called 
type A of Myxomonas folymorpha. (Of. fig. A, 3.) S.H. x 1173. 

Fig. 3. A portion of a partly isolated mastigont, the body having been rup¬ 
tured in preparation. Axostylo, cresta, and nucleus are bound up in a union, 
■with no alteration of their relative positions. Tliree anterior flagella arise in 
two roots, have a length of 80/i. Near their origin is a largo granule; the flagella 
meet a pair of smaller granules near this. Another small granule is posterior 
to these granules. An S-shaped filament (nuclear rhizoplast) extends posteriorly 
around the large granule to meet the nuclear membrane. The trunk of the 
axostyle is distinct; posteriorly it is enclosed in the cytoplasm and pointed. 
S.H.X2333. 

Fig. 4. Outline of nucleus. Anterior part of cresta, showing the anteromedial 
edge adjacent to the nuclear membrane and extended anteriorly. Origin of 
three anterior flagella. The axostyle and its capitulum are not sho-wn. S.H. 
X 2400. 

Fig, 5. A specimen in what appears to bo essentially unaltered form. The 
transverse position of the cresta, instead of the longitudinal position repre¬ 
sented in figures 1 and 2, is normal in some specimens. The core of the axostyle 
is deep-stained, corresponding to what Dogiel considered characteristic of type 
A of Myxomonas polymorpha. The trailing flagellum is shown along the cresta 
margin. Anterior flagella are present, but cannot be clearly traced except at 
their origin; they are omitted from the figure. Length of body 72,fi, width 44/t, 
nucleus 9/4 x 8 / 4 . S.H, x 1270, 

Pig. 6 . The cresta and trailing flagellum are buried in the cytoplasm, and 
there is no indication of the appendage of the inner border of the cresta that 
appears in fig. 1. The capitular membrane is shown, expanded on the right side 
of the nucleus and elevated in a ridge which continues in an appendage around 
the posterior end of the nucleus. Two granules at the base of the flagella, the 
loft one longer and somewhat quadrangular, the other smaller and giving rise 
to the anterior flagella. S.H. x 2400. 




PLATE 20 


Gigantomo7}as luicidta fiom Tfodolovies mossamhicus. 

Fig. n. Modified cytosomo with a thick, giay outer 7ono, an innci granular 
legion, and a clear zone between these. This loim suggests a cyst, and appeals 
to bo eompai able to what has been icpoitcd as one} stinent in some tiiehoinonad 
flagellates. Actually this is a degenoiative foim that has nothing to do with 
encystation. S.H. x 936. 

Fig. 12. Two nuclei connected by a paradesmose. Both nuclei are parasitized 
by the intianuclear Symbiote Gh9 (cf. p. 206, fig. M) and are greatly enlaiged. 
kS.H. X 670. 

Fig. 13. Late division in an elongate amoeboid body, 160 /a long. The new 
oiestas aie laige and deep in the cytoplasm, and new axostyles have developed. 
The paradesmose is a veiy long strand, 120/4, connecting the two niastigonts. 
FI.R. X 770. 

Fig. 14. A dimastigont specimen resulting fiom delayed division. Each masti- 
gont is completely reorganized, with anterior flagella and trailing flagellum, 
fully developed crestas and axostyles. There is no tiace of a paradesmose. 
S.n. X1176. 






PLATE 19 


Gigantomonns bcreulea from Eodotemes mossambicus. 

Pig. 7. Tho crcsta lies flat aud is well rcprcseutod; its outermost margin is 
doep-stained. Outside of tliis, separated by a narrow dear space, is the trailing 
flagellum. The whole cresta and tho flagellum arc deeply embedded in the 
cytoplasm and the free terminal part of the flagellum is also cndosed. The three 
anterior flagella, whose full length is not cleai', are enclosed m tho cytoplasm. 
Dogiel’s type A of Myxomonas polymoipha is represented by specimens like 
this, iu which the flagella were not seen. S.II. x 2400. 

Fig. 8. The crcsta consists of a deop-stained loner part and a clearer undu¬ 
lated outer part, and it may be flat as in flguie 7 or curved us in this flguro. 
A stained, irregularly formed, flattened stracture is present in the cytoplasm. 
S.n.xl770. 

Pig. 9. Anaphase of nucloiir division. The paradesmoso is fibrillar, the fibrils 
ending in deep-stained knoblike structures at the polos. Interzonal granules 
lie between the two groups of chromosomes. The now crestas are filaments. 
P1.E. X 2335. 

Pig. 10. Multipolar division figure. Pour groups of chromosomes, each in tho 
usual anaphase arrangement, are endosed in tlie nuclear membrane. Each group 
has as many chromosomes as in the usual anaphase. The four poles are num¬ 
bered. Poles 1,2, and 3 are connected by 3 paradesmoses arranged in a triangle. 
At pole 4, the end of a paradosmose is also present, but tho paradesmose extends 
out into the cytoplasm, and its other end is free. Around each of poles 1, 2, 3, 
and 4 there is a single duster of astral rays; and one is present also around 
the free end of the free paradesmose. Four new crestas are attached to poles 1, 
3, and 4, and to the free end of the free paradesmoso. This end apparently 
may have been dotadicd from polo 2, but it has its own enlargement and aster, 
and the body of the specimen has not suffered evident mechanical damage. 
P1.E.X1175. 









PLATE 22 


G^qantomoms hcrniica from ILoclote^mes mossamlms 

Fig, ]8. IVIabtigonta from a large amoeboid form. Each pobsossos a capitulum 
and slender axostylo trunk, and three long anterior flagella, hut no now cieata. 
The fibrillar paradoBmosc is twisted in its middle pait. S.H. x 1150. 

Eig. 19. Detail of one of the nuclei of the pab represented by fig, E, 4, The 
body IS a large amoeboid, about 250/* x 125/t, and it contains two pairs of nuclei. 
In this figure the new cresta and the paradesmose have been omitted, but one 
large deep stainmg granule at the end of the paradesmose is shown, and ad¬ 
jacent to it is the anterioi part of the capitulum of the axostyle. S.H. X 2340. 

Fig. 20, A stage similar to the form from which fig. 19 was taken, with 
moderate-sized new ciestas; a slender axostyle trunk, not seen in the other 
specimen, is piesont. S.II, x 1590. 

Fig. 21, Pair of nuclei from a large amoeboid body, nuclei connected by the 
paradesmose. Extending fiom the polo along each nuclear membrane is a deep- 
stained strand that is probably the new cresta. S.II. x 1056, 

Fig. 22. The nuclei are close together and the fibrillar paradesmose is curved 
in a loop. Four fibrils are distinct. A deep-stained band-shaped strand, shorter 
than the nuclear diameter, connects to each pole and is applied to the mem¬ 
brane of each nucleus. This is probably the new cresta. S.n. x 2340, 








PLATE 21 

Oigan lomonas he^culea from Eodotermes iftwasamhicus 

Fig. 15. A noimal posttolophase, in an amoeboid body 130/4 X 70/4. Diameter 
of nuclei 12 ji 4, The mastigonts arc fully reoiganizccl, ciostas and tiailing flagella 
deeply embedded in eytosomo, anterior flagella cnclosod in cytosome for mueli 
of their length. The two mastigonts aro connected by a paradosmose. S.n. 

X 1260 . 

Fig. 16. A specimen in the same stage of development as fig. 15, amoeboid 
body 200/4 x 60/4. The body is broken only a little at the edge, and otherwise ap¬ 
peals not to have suffered appreciable mechanical injury. One mastigont, 
complete for all extranuclear structures, has no nucleus. S.H. x 1300. 

Fig. 17. Two nuclei 15/4 in diameter, connected by a paradesmose 44/4 long, 
in a laige amoeboid body. The paradosmose consists of thieo separate, inde¬ 
pendently twisted strands; at the poles are two granules at one end, only one 
showing at the other. There is no indication of old or new ciostas, and the 
axostylo is represented only by a portion of the capitulum that appeals in the 
region of the poles of the paradosmose. One of these nuclei is represented in 
detail by fig. F, 5. S.H. x 2180. 




PLATE 23 


Gigmiomonas Jieroulea, Pigs. 23-25 from Sodotermes mossambiciis ; 
figs. 26-27 from Microhodotermea viator. 

Pig. 23. A typical large amoeboid form of the fiagellate. The cytoplasm con¬ 
tains a large number of inclusions, mostly fragments of plant material. There 
are two nuclei, connected by a paradesmose. There are no new axostyles or new 
crestas. This form was considered by Dogiel to be type 3) of Myxomonas poly- 
morpha. (Cf. fig. A, 6.) S.H. x 636. 

Pig. 24. An amoeboid form 130/i x 80/i. There are two nuclei but no trace of 
a paradesmose, and no extranuclear mastigont structures can be seen. This 
specimen corresponds to DogiePs text figure 3, considered to represent type E 
of Myxomonas polymorpha. (Of. fig. A, 8.) S.H. x 690. 

Pig. 25. An amoeboid form about 56;^ x with one nucleus. There are two 
basal granules on the nuclear membrane, and extending from one of them a 
strand that curves against the nuclear membrane. This strand is probably the 
beginning of a new cresta. This kind of organism is Dogiel’s type 0 of Myxo- 
monaa polymorpha. (Of. fig. A, 5.) S.H. x 1150. 

Pig. 26. A very large amoeboid form with 36 nuclei, each with a diameter 
of about 8ju. There are no paxadesmoses, no crestas, no axostyle trunks, and no 
flagella. The flagellate afSnities of the organism are shown by the pair of 
granules on or near each nuclear membrane, and the capitulum membrane 
associated with each nucleus. S.E. x 405. 

Pig. 27. One nucleus from the specimen of fig. 27, with the granules and 
capitulum membrane, S.H. x 2340. 
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the ohaeacteristics of the flagellate 

MOHOCERCOMONAS VERRENS SP. N., 
FROM TAPIRUS MALAYAHUS 


BT 

BEONISLAW HONIGBBBG 


INTEODUCTION 

In the summer of 19451 had an opportunity to examine fecal material from 
Tapirtis malayanus in the San Francisco Zoological Gardens. Among other 
protozoan parasites I found a flagellate belonging to the genus Monoeer- 
comonas Grassi, 1879. 

Da Fonseca (1940) found a new species of Sutriehomastix {=Monoeer- 
eomonas) in feces of Tapirus ravMmis and named it E. bertholdoi. When the 
host-parasite relationships in the genus Monoeereomonas are considered, it is 
apparent that in most instances the same species of flagellate may occur in 
closely related hosts. This situation seems to hold true in many instances where 
the phylogenetic relationship is far more distant than that between Tapints 
malayanus and T. raulmus. Thus it might be expected that the flagellate de¬ 
scribed by Da Fonseca and that found by me would belong to the same species. 
In order to establish the relationship between the two organisms there was a 
need of material which would provide a fair basis for comparison. In spite of 
the fact that the same techniques for fixation and staining were used by Da 
Fonseca and by me, sufificient evidence was lacking to establish the identity 
of the two flagellates. Although the measurements closely correi^ond to those 
reported by him, the description and illustration (fife. 7 by Da Fonseca, 1940) 
differed considerably from the present findings. It thus became apparent that 
only by ATa-mining the material used by Da Fonseca would it be possible to 
determine whether we both dealt vnth the same organism. Since it was not 
feasible to secure that material, I have assigned a new specific name Monoeer¬ 
eomonas verrens to the flagellate from Tapirus malayanus. 

In the present paper the nomenclature laid down by Travis (1932) was 
followed. Thus the name Eutrichomastix Kofoid and Swezy, 1915, which has 
been customarily applied to the genus under consideration, has been aban¬ 
doned and, on the basis of priority, the name Monoeereomonas Grassi, 1879 
is used. 

I wish to express my gratitude to Professor Harold Birby, who stimulated 
t>)ia research and whose advice and criticism led to its eompleticm. Credit is 
also due to Mr. Carey Baldwin, Director of the San Franoisoo Zooltgicel 
Gardens, whose wholehearted coSperation made this project (possible. 
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MATERIAL AND METHODS 

In the present investigation both fecal and culture material were studied in 
darkfield as well as in fixed and stained preparations. 

The fiagellates could be maintained on modified Boeck-Drbohlav (Ringer- 
egg-slant-senun) medium. The cultures were kept at 37° C. and transferred 
every 72 hours. 

Both fecal smears and culture material were fixed in Hollanders cupric 
picroformol and in Schaudinn’s fluid. The former fixative was used for prep¬ 
arations to be impregnated in protein silver, and the latter for those to be 
stained in iron hematein. 

The procedure described by Bodian (1936) and Cole and Day (1940) and 
adapted by Kirby (1945) was used for the protein-silver (protargol) impreg¬ 
nations, and that described by De Freitas (1936) was employed for the iron 
hematein-stained preparations. 

The protein-silver technique was in a few instances modified by using 
Mallory’s bleach prior to the impregnation. Mallory’s bleach consists of 
treating the preparations with 0.5 per cent potassium permanganate (5 min.), 
washing thoroughly in distilled water, and finally treating the washed prep¬ 
arations with 5 per cent oxalic acid (5 min.). Subsequently the preparations 
are washed in distilled water and impregnated in the usual manner. The 
bleaching process may be used successfully on protozoa which, because of 
prolonged storage in alcohol between fixation and impregnation, wiU not 
take silver without it. Also, organisms in thick fecal smears impregnate much 
better after bleaching. The same method gave good results with organisms 
which imder ordinary circumstances could not be impregnated (e.g., Oiardia ). 

De Freitas’ procedure for iron-hematein staining was slightly modified. 
He adjusted the hydrogen-ion concentration of the hematein solution with 
dibasic potassium phosphate (K 2 HPO 4 ) and 1/N hydrochloric acid and used 
phenol red as an indicator. Since the colorimetric method of pH adjustment 
is lengthy, Sorensen’s phosphate buffer solutions were used instead. M/30 
phosphate solutions (NaoHPOi and Kn 2 P 04 ) were employed. By substitu¬ 
tion of proper values in the simplified formula pH = 6.8H log acid/base, a 
solution of any desired pH could easily be prepared. 

It has also been found that the 1: 2 dilution of a saturated alcoholic f 95 per 
cent) solution of picric acid (1 part of saturated solution of acid and 2 parts 
of 95 per cent alcohol) as suggested in De Freitas’ method, was much too slow 
in destaining the flagellates. This has been observed to be true for a large 
number of different organisms. A full strength alcoholic solution of picric 
acid has been found to be most satisfactory for the purpose of destaining. 

DESCRIPTIVE ACCOUNT 
Living Matebial 

Living specimens of Monocercomonas vcrrens when examined in darlifield 
appear as spheres, or more or less elongated ovoid bodies (fig. A). In general, 
the stouter forms predominate over the more slender ones. The largest or- 
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ganisms may reach about 9fi in length, whereas the smallest do not exceed 
5.5/1. The cytoplasm is highly granular and contains many vacuoles. The ovoid, 
relatively voluminous nucleus is situated near the anterior end of the flagel¬ 
late. The axostyle, which in spite of many examinations could not be traced 
over its whole length, protrudes beyond the posterior end of the body. The 
protruding free portion is about 1.5/n long and appears as a slender rod, 
which tapers to a point; not infrequently it is extended in a filament of vary¬ 
ing length. 

The flagella, which originate at, or very close to, the anterior cell border, 
are morphologically and functionally differentiated into two distinct groups. 
One group is represented by three anterior s3nachronized Amelia, and the 



Fig. A. Camera-laeida drawing of a living spocimon (very much slowed down) as observed 
in d^kfleld. The thieo anterior flagella originate in a columnar projection. The trailing 
flagdlum originates posterior to the anterior group; it ends in a fine filament. The nucleus 
and the cytoplasmic vacuolos and granules can be clearly seen. Only the projecting portion 
of the azostyle is visible, x 3600. 

other by a single trailing flagellum. The synchronized group originates in a 
short (about l/t) anterior cytoplasmic projection similar to the one described 
in Pentatrichomonas hominis (Kirby, 1943,1945). The anterior flagella are 
rather stout filaments of uniform width; their ends are rounded and do not 
show any morphological differentiation. Their movement may be divided 
into three steps. In the first step the flagella are applied to the ventral surface 
of the body; in the second, they simultaneously and very rapidly sweep for¬ 
ward and upward and come to lie in lino with the posterior projection of the 
axostyle (flg. A). In the Ihird stop the flagella, one immediately following the 
other, return to their original position at the surface of the body. During the 
last step each flagellum is characteristically curved. The concavity of the 
curvature faces the direction of movement. This movement of the anterior 
flagella in Monocercomonas verrens much resembles the situation found in 
Pentatrichomonas hominis (Kirby, 1943,1945). 

The trailing flagellum originates close to, but slightly posterior to, the 
synchronized group. In its length and thickness it is closely comparable to the 
anterior flagella; however, its movements are completdy independent, and 
it ends in a very fine filament, which varies in length (fig. A). The trailing 
flagellum is turned posteriad and it moves much like the terminal flagellum 
found on the border of the undulating membrane in the genus Trichomonas. 
Since it is sometimes closely applied to the body of the cdl, and since its 
movements are usually restricted to the dorsal surface of the organism, this 
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flagelltmi may be interpreted on a superficial examination as a border of an 
undulating membrane. 

The dying fiagellates exhibit striMng changes in viscosity of the cytoplasm, 
which becomes very liquid. Since the viscosity of the cytoplasm usually de¬ 
creases before the organelles are lost, the undulating movements of the cyto¬ 
plasm caused by the beating of the trailing fiagellum may be observed. 

In a few organisms I was able to observe grains of rice stai*ch in the cyto¬ 
plasm. Thus it seems that Monocercomonas is capable of ingesting solid food 
particles. I have not, however, observed any structure which suggests a 
<?ytostome. \ 



1 2 3 

Fig. B, 1-3. Gamera-laeida drawings of specimens fixed in Scbandinn’s fluid and stained 
with iron hematein. All specimens show three anterior fiagella, which aie fused at the base; 
the trailing fiagellum; the single blepharoplast; the nucleus with its membrane (1, 2); 
the endosome (1); the chromatic granules around the nucleus; the azostyle; and the 
cytoplasmic vacuoles and granules, x 3600. 

Fixed and Stained Prbpabations 

The body of Monocercomonas verrens is ellipsoidal or pyriform (fig. B, 1, 2, 
3; fig. 0,1,2,3). A hundred individuals on four slides ranged in length from 
5.3 to 8.6/i, in width from 3.0 to 7.9/i, averaging 7.1 x 8.6ja. Anteriorly the body 
is rounded with the exception of a small protuberance in the region of origin 
of the anterior fiagella (fig. B, 1, 2, 3). The posterior part of the body is 
usually drawn out for some distance proximal to the point at which the axo- 
style projects from the cytostome. The free projecting portion of the axostyle 
ranges from 1.1 to 2.5/t (sometimes 3.0/t), averaging 1.6/t. 

In preparations impregnated with protein silver the cytoplasm remains 
light and fails to show any differentiation. In iron hematein-stained prep¬ 
arations, on the other hand, it appears to be filled with vacuoles, which vary 
in size and number. The vacuoles usually do not contain any solid particles; 
sometimeB, however, bacteria may be observed within them. 

The three anterior flagella usually adhere to one another for considerable 
distances and not infrequently for their whole length (fig. 0,1). In the speci¬ 
mens where the fiagella were separated for most of their length, this separa>- 
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tion was never observed to start at their base, the flagella being invariably 
adherent for a short distance. In protein silver-impregnated specimens this 
part appears as a solid black column about l/i long (fig. C, 2, 3, 4; fig. D, 2, 
3,5). This arrangement is comparable to that found by Kirby in Pewfofn'cAo- 
moms hominis. It seems possible that in living specimens this column is 
enveloped by the anterior cytoplasmic protuberance. The flagella are on 
the average about 1.9 times longer than the body. They stain uniformly 
throughout their whole length. In protein silver-impregnated specimens the 
terminal parts of the anterior flagella frequently show more or less distinct 
knoblike enlargements (fig. C, 1,2,3). These enlai^ements vary greatly in size 
and shape. They may appear either spherical or elongated. Sometimes, and 
this is especially true for the elongated ones, the terminal parts of the flageUa 
may be bent at a slight angle (fig. C, 3). In several specimens one or more 
anterior flagella were observed to end in a very fine short filament (fig. C, 5). 
No such terminal differentiation of the anterior flagella could be seen in the 
iron hematein-stained preparations. 

The single trailing flagellum equals the anterior flagella in length and 
apparently also in thickness. It impregnates uniformly with protein silver. 
At the end of this flagellum there is always a very fine filament which varies 
considerably in length (Peitsehengeissel of Vlk, 1938). As with the anterior 
flagella, the terminal differentiation of the trailing flagellum could not be 
observed in specimens stained with iron hematein. 

All four flagella fihd their origin in the blepharoplast complex, v?hich in 
most specimens is hidden beneath a deeply impregnated, membrandike struc¬ 
ture, the pelta. A suggestion of the pelta may be observed in Dobell’s (1907) 
figures of Trichomastix (= Monoeercomonas) serpentis (= coluirorum). As 
far as could be ascertained in the present investigation and from the litera¬ 
ture, the iron hematoxylin- and iron hematein-stained specimens of Monoeer- 
eomonas fail to show the structure with any clarity. 

Up to the present time the pelta has been described by Kirby (1945) in 
protein silver-impregnated preparations of Pentatnchomoms hominis and 
by Kozloff (1945) in similarly treated specimens of Trichomonas limads. In 
M. verrens the pelta is situated at the anterior periphery of the body. Its main 
crescentic portion (fig. 0,1, 3; fig. D, 1,2, 3, 4, 5), the convex edge of which 
frequently covers the anterior border of the cytosome, sends out two exten¬ 
sions. One of them runs dorsally to the nucleus. It is usually a slender, long 
rod, which tapers to a point (fig. D, 1, 2). Sometimes, however, it appears to 
be of equal diameter throughout its whole length (fig. D, 3). In a few speci¬ 
mens the dorsal extension of ttie pelta curved toward the nucleus (fig. D, 1). 
In many preparations this structure cannot be observed, because it either 
fails to impregnate properly, or, still more frequently, is hidden beneath the 
anterior portion of the trailing flagellum. Sometimes the position of the dorsal 
extension is merely su^ested by a row of unevenly impregnated granules. 
The other extension of the pelta is situated in the region ventral to the nucleus 
(fig. D, 1,2,3,4,6). It is considerably shorter than the dorsal extension. Some¬ 
times it tapers to a point (fig. D, 1); more frequently, however, its terminal 





Fig. 0. Camera-lucida drawings of specimens fixed in Hollando's cupric picroformol and 
impregnated with protein silver (protargol).x3600. 1. An unusually large specimen. The 
anterior flagella are applied to one another for a considerable distance. They show the 
terminal knoblihe diflerentiations. The trailing flagellum^ turned forward; shows the ter¬ 
minal filament. (For further details see fig. D, 1.) 2. The three anterior flagella are sepa¬ 
rated for the whole len^h. The columnar projection from which they originate may be 
clearly seen. Their terminal differentiations are rod-shaped. The trailing flagellum (to the 
observer's right) ends in a flne filament. The axostyle may be traced above the nucleus. Its 
terminal portion is <fliaracteristically deeply imprecated. 3. The anterior flagella are 
separated for almost their whole length. They originate in a columnar projection. The 
trailing flagellum (to the observer's light) terminates in a fine filament. (For details see 
fig. D, 5.) 4. A detached mastigont. Only tliee anterior flagella and pelta are shown. 6.Ends 
of the anterior flagella. Mddle flagellum terminates in a filament. Remaining flagella have 
the usual endings. 

Abbreviations; a.fl. = anterior flagella, ax. = axostyle, bl. = blepharoplast, d.p.=5dorsal 
extension of p^ta, pe.=: pelta, p.b. = parabasal body, rh. = rhizoplast, tr.fl. = trailing fla¬ 
gellum. 
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Fig. Dj 1-6. Camera-lucida drawings of mastigont structures of the anterior part of the 
body. In all specimens the anterior flagoUa originate in a columnar projection, which later 
divides into three flagella (not seen in 1). The trailing flagellum is shown only in 1, 4,6,6. 
In 1-4 the pelta lies over the body j in 6^ under the body. Hollanders cupric picrof ormoL 
Bodian protein silver (protargol). X 3600. 1. The dorsal ecAension of polta is clearly visible, 
it curves toward the dorsal part of the nucleus. The ventral extension of pelta is represented 
by a very short projection at the upper ventral region of the nucleus. The parabasal body 
overlaps the anterodorsal part of the nucleus. The line fllamcnt originating at the anterior 
end of the parabasal body disappoars under the pelta to join the blepharoplast complex. 
The nucleus shows the cndosomc. 2. The dorsal extension of pelta runs dor sally to the 
nucleus. The ventral extension of pelta lies above the anteroventral side of the nucleus. The 
parabasal body runs dorsally and at a sharp angle to the nucleus and covers its antero¬ 
dorsal part,- it ends under the pelta. 3. The stout dorsal extension of pelta lies very close to 
the periphery of the body. The ventral extension of pelta is turned posteriad and faces the 
ventral side of the nucleus. The parabasal body overlaps the anterodorsal portion of the 
nucleus. 4. The dorsal extension of polta is not visible. The ventral extension of pelta runs 
posteriad and faces the ventral surface of the nucleus. The parabasal body runs parallel to 
the nucleus. 6-6. The blepharoplast complex is represented by a solid granule. The ante¬ 
rior flagella originate in a single column at the anterior portion of the blepharoplast. The 
trailing flagellum originates somewhat behind the anterior group on the dorsal side of the 
blepharoplast. A fine filament connects the blepharoplast with the parabasal body. The 
rhizoplast connects the blepharoplast with the anterior end of the nucleus. The dotted area 
in the background represents the pelta, which is situated under the body. 


portion is ronnded (fig. D, 2,3,4). In several specimens the ventral extension 
appeared to curve toward the nucleus (fig. D, 6). As suggested by Kirby 
(1945), who reported this structure for the first time, the pelta, although it 
“has an integrity of its own,” may possibly constitute a part of the capitulum 
of the axostyle. 
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The blepharoplast complex, -which could be studied in most of the iron 
hematein-stained specimens and in a few silver-impregnated ones, is a single 
granule situated very close to the anterior border of the cell (fig. B, 1, 2, 3; 
fig. C, 3; fig. D, 5,6). The three anterior flagella originate in the anterior part 
of the blepharoplast and the trailing flagellum originates in the posterior 
and dorsal part of the blepharoplast (fig. D, 5, 6). A slender fiber connects 
the blepharoplast complex with the parabasal body, and another filament, 
the rhizoplast, runs from it to the nuclear membrane (fig. D, 5, 6). 

The voluminous ellipsoidal nucleus ranges in length from 1.7 to 3.6/t, ia 
width from 0.9 to 2.2/*, averaging 2.5 x 1.7/*. It is situated in the anterior part of 
the cytosome, just posterior to the pelta, and its anterior end is not infre¬ 
quently covered posterior to this structure (fig. D, 1,2). The detailed structure 
of the nucleus could be studied only in the iron hematein-stained specimens. 
The nuclear membrane, although thin, may be easily observed in many speci¬ 
mens (fig. B, 1, 2). The chromatin material appears to be rather uniformly 
distributed throughout the nucleus, and larger chromatin aggregates are 
found only rarely. The endosome, as observed in some specimens, is a large 
perfectly spherical granule surrounded by a clear zone of nucleoplasm (fig, 
B,l;fig.D,l). 

In the e 3 d:oplasm near the nucleus there are a large number of chromatic 
gi-anules which vary greatly in their size and arrangement. They may form 
one or more rows dorsal to the nucleus (fig. B, 3) or may surround it com¬ 
pletely (fig. B, 2). Although the granules are usually more numerous in the 
vicinity of the nucleus, they are by no means restricted to the anterior part of 
the cytosome (fig. B, 1,2,3). 

The parabasal body, which was never observed in the iron hematein-stained 
preparations, is sho-wn with clarity in most specimens impregnated -with pro¬ 
tein silver. It is a stout rod of uniform thickness, situated dorsally to the 
nucleus. Its length varies from about one-half to about three-quarters of that 
of the nucleus (fig. D, 1, 2, 3,4, 5). Sometimes the parabasal body is placed 
at an angle to the nucleus (fig. D, 1, 2, 3). In other instances it is placed 
parallel to the nucleus (fig. C, 2; fig. D, 4,5). 

The axoslyle is a slender hyaline rod, which originates in the blepharoplast 
complex and runs to the right side of the nucleus. It then traverses the cyto¬ 
some, and emerges at the posterior end of the body. No anterior enlargement 
of the axostyle has ever been observed. In its course through the cytoplasm 
the axostyle is either straight or slightly bent. The free projecting part is 
usually straight and tapers gradually to a point. The distal three-quarters 
of this projecting part impregnate much darker than the rest of the axostyle 
(fig. 0,1,2, 3). No suggestion of an axostylar ring can be found at the point 
where the rod leaves the cytoplasm. 

In spite of a careful search no trace of the eytostome could be found in either 
hematein-stained or protein silver-impregnated preparations. 
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Monocercomonas verrens sp. n. 

Type host,—Tapirus malayanus Baffles^ 1821. Malayan Peninsula. Kept in San Francisco 
Zoological Gardens. 

Type slides. —^In Collection of the University of California. 

Diagnosis. —The diagnosis of Monocercomonas verrens sp. n. is based on the observations 
of iron hematein-stained and silvcr-iinpregnatod preparations as well as on exaroinations of 
living specimens. 

Body pyriform or ovoid, size range: 5.3~8.6 x 3.0-7.9;i, average 7.1 x 5.1/t. Three anterior 
flagella and one trailing flagellum. All flagella equal in length and width, 1.9 times longer 
than the body. Anterior flagella fused at the base, originate in a columnar cytoplasmic 
extension, exhibit a synchronized sweeping movement. All flagella originate in a single 
blepharoplast complex. Blepharoplast partly or totally covered by the pelta. Pelta cres¬ 
centic, with dorsal and ventral extensions, situated at the anterior end of the body. Nucleus 
anterior, oval, voluminous, size range 1.7-3.6 x 0.9-2.2/t, average 2.5 x 1 . 7 / 4 , with a distinct 
membrane, chromatin material uniformly distributed; connects with blepharoplast by 
a rhizoplast. Parabasal body rod-shaped. Axostyle slender, uniform in thickness; runs 
from blepharoplast to the right side of the nucleus; traverses cytosome and protrudes 
posteriorly by about I.C/ 4 . 

SUMMARY 

In the fecal material of Tapirus malayanus there was found a flagellate, 
Monocercomonas verrens sp. n. 

In the living specimens studied in darkfield the three anterior flagella 
originate in a single column and exhibit a synchronized sweeping movement. 
The trailing flagellum, exhibiting an undulating movement, originates some¬ 
what posterior and dorsal to the anterior group and ends in a fine filament. 

In fixed and stained preparations the body of the flagellate averages 5.3 x 
8.6ft. At the anterior end of the body there is a small protuberance in the 
region of the origin of the three anterior flagella. These anterior flagella are 
fused at the base. The trailing flagellum is equal in length and width to the 
anterior flagella, and it ends in a very fine filament. All the flageUa are about 
1.9 times longer than the body. They originate in a single, anteriorly situated 
blepharoplast complex, which iu the proteiu silver-treated specimens is usually 
hidden undemeatli a membranelike structure, the pelta. The pelta is cres¬ 
centic in shape and sends out a dorsal and a ventral extension. This structure 
has hitherto not been described in the genus Monocercomonas. The anteriorly 
situated nucleus averages 2.5 x 1.7/*. It shows a definite thin membrane aaid 
frequently a large endosome. The chromatin is uniformly distributed through¬ 
out the nucleus. A flue rliizoplast connects the nuclear membrane with the 
blepharoplast complex. The parabasal body is rod-shaped and runs dorsal 
to the nucleus. It is connected to the blepharoplast complex by a fine filament. 
The axostyle is a slender rod, which runs from the blepharoplast complex 
along the right side of the nucleus and, after traversing the cytoplasm, emerges 
at the posterior end of the body. The projecting part of the axostyle averages 
1.6ft. The cytoplasm is highly vacuolated and contains many chromatic gran¬ 
ules. These granules are particularly dense in the vicinity of the nucleus 
where they may be arranged in rows or may surround the nucleus. Sometimes 
bacteria may be found in the vacuoles. 
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CILIATES FROM THE SIERRA NEVADA BIGHORN 
OVIS CANADENSIS SIERRAE GRINNELL 

BY 

MILDRED BUSH and C. A. KOFOID 

INTRODUCTION 

The CILIATES with which this paper deals were taken from the stomach of a 
Sierra Nevada bighorn, Ovis canadensis sierras Grinnell (1913). The bighorn 
was taken on the east slope of Mount Baxter, near Independence, California, 
on October 20, 1911, by H. A. Carr, who was collecting for the Museum of 
Vertebrate Zoology of the University of California. The contents of the stom¬ 
ach were presented and given to one of us (C. A. Kofoid) for study. 

The bighorn from ^vhich the ciliates were taken became the type specimen 
of 0ms cervina sierrae^ described by Grinnell in 1912. The specimen, consisting 
of skin, horns, and complete skeleton, is No. 16360 in the collection of the 
Museum of Vertebrate Zoology. 

MATERIALS AND METHODS 

The ciliates, taken from the stomach immediately after the sheep was shot, 
were killed and prcseiwed in formalin. For study, temporary mounts were made 
in glyceidne, in water (one haK tap and one half distilled) tinged with eosin, 
and in chlor-zmc-iodide solution. This method of mounting made it possible 
to roll the ciliates about so that all parts could be observed. In the water, 
osmotic action expanded the organisms so that ciliary lines were easily traced. 
Chlor-ziQC-iodide solution was used specifically for skeletal plates. Permanent 
mounts were stained vdth Heidenhain^s haematoxylin (alcoholic method) for 
study of ciliary lines, fibem, and nuclear structure. Some material was mounted 
in celloidin and stained with Best’s carmme for study of skeletal plates. All 
drawings were made with a camera lucida. 

CILIATES OP THE FAMILY OPHRYOSCOLECIDAE 

Entodirmim nanvm sp. nov. 

(Plato 24, figure 1) 

Diagnosis,—"Body small, ovoid, widest anteriorly; anterior end truncated in contracted 
individuals; posterior end rounded with a short ventral lobe; macronucleus short, stout 
club-shaped. Length 18-26 microns, 10 specimens. 

Description. —In contracted individuals, the anterior end is truncated with 
the equal adoral lips barely protruding. The posterior end is rounded with 
only a short ventral lobe. All other surfaces are convex. The oesophagus is large 
in proportion to the body, turns dorsad, and terminates at the level of the pos¬ 
terior third of the body. The endoplasmic sack is outlined by a thin boundary. 
The ectoplasm forms a relatively thick layer around the endoplasmic sack and 
fills the short, posterior ventral lobe. The short rectum turns dorsad and opens 

[237] 
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at the anus, which is just dorsal to the ventral lobe. The macronucleus is diort, 
stout, club-shaped, largest anteriorly, and has a ventral depression. It appears 
ovoid when seen from the dorsal side. The relatively large, spherical micro¬ 
nucleus is situated in the ventral depression of the macronucleus or close to it. 
The contractile vacuole is anterior and to the left of the macronucleus. The 
food in the endoplasmic sack consists of small pai-ticles. 

Variation. —This species showed little variation in the individuals observed. 
Some of the specimens were somewhat nanw for their length and rounded 
posteriorly so that the ventral lobe was hardly discernible. 

Measurements. —^Based on 10 specimens taken at random. 

Eatio to doTsoventral 

Axis Microns diameter 

Body length. 21 (18-26) 1.46 (1.28-1.55) 

Transdiameter. 9 (8-11) 0.63 (0.57-0.66) 

Dorsoventral diameter. 14(12-17) 1.00 

Macronucleus.. 6(5-7) 0.40(0.31-0.61) 

Occurrence.—Entodinium nanum occurs frequently in the stomach contents 
of the material studied. 

Relationships,—Entodinium nanum is almost the same size as E, exiguum 
Dogiel (19256) and E, nanellum Dogiel (1923). It (Mers from E, exiguum in 
that its lateral outline narrows somewhat posteriorly and ends in a slight ven¬ 
tral lobe, whereas E, exiguum has almost the same width throughout its entire 
length and lacks the lobe. Its macronucleus is stout and club-shaped while that 
of E, exiguum is short, thick, and of equal diameter throughout. Entodinium 
nanum differs from E, nanellum in that its anterior end in contracted forms 
is truncated, while that of the other species is convex with a depression on the 
ventral side. The former ciliate is shorter in proportion to its dorsoventral 
diameter (1.45) than is E, nanellum (2.00), and its stout macronucleus is also 
shorter in proportion to the diameter (0.31-0.53) than is the wedge-shaped 
macronucleus of E, nanellum (0.71-1. U). 

Entodinium orbicularis sp. nov. 

(Plate 24, figure 2) 

Dtoflfwosis.—Orbicular, all sides convex; slightly compressed laterally; posterior end 
smoothly rounded, no lobes or spines; macronucleus ellipsoidal, anterior to middle of 
body. Length 21-36 microns; dorsoventral width 17-30 microns; 10 specimens. 

Description,—All surfaces are strongly convex. The posterior end is smoothly 
rounded and without lobes or spines. In contracted specimens, the oral appa¬ 
ratus is small and completely retracted so that the adoral lips do not protrude 
beyond the convex curve of the anterior end. The mouth is a small, round 
opening. The oesophagus is comparatively broad and extends slightly dorsad 
to the center of the body. The endoplasmic sack is orbicular in shape with its 
outlines smoothly convex except at a depression around the macronucleus. The 
thin ectoplasmic layer is of equal thickness aroimd the endoplasmic sack in all 
parts except where it thickens in the region of the macronucleus. The rectum 
is short, cylindrical, and extends slightly dorsad to the anus, which is at the 
center of the posterior surface. The ellipsoidal macronucleus is near the dorsal 
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wall, just anterior to the middle of the body. The large, spherical micronucleus 
is ventral to the macronucleus. The food consists of small particles which 
could not be identified. 

Variation, —The specimens observed did not vary appreciably in any im¬ 
portant morphological feature or in proportions. 

Measurements, —^Based on 10 specimens taken at random. 


Axis 


Microns 


Ratio to dorsoventral 
diameter 


Body length. 

Transverse diameter.. 
Dorsoventral diameter 
Macronuelcus. 


29 (22-33) 1.20 (1.11-1.26) 

18 (18-24) 0.64 (0.55-0.70) 

26 (18-32) 1.00 

6 (4r-7) 0.20 (0.18-0.24) 


Occurrence.—Entodinium orbicularis occurs rarely in the material studied. 

Relationships.—Entodinium orbicularis is closely related to E. botns Wertheim 
(1935a). It is slightly shorter (22-33 microns) than E. boms (26.25-38.6 mi¬ 
crons), is not so nearly round in lateral outline, and is less compressed trans¬ 
versely. The ectoplasm is not so highly developed in the anal region as it is in 
E. bovis. The macronucleus is short and ellipsoidal, whereas that of E. bovis is 
elongate and thickened at the anterior end. The micronucleus of E. orbicularis 
is relatively larger than that of E. bovis. 


Entodinium protvberans sp. nov. 

(Plate 24, figure 3) 

Diagnosis .—Body elongate, ovoid, widest anteriorly; all surfaces slightly convex, more 
so near the ends; adoral lips in contracted forms protruding and bent dorsad, the dorsal 
lip shorter; one short, posterior, ventral lobe; macronucleus ellipsoidal, near middle of 
body at middorsal line. Length 20-45 microns, 10 specimens. 

Description. —^The greatest diameter is at 0.20 of the total length from the 
anterior end, and from this point, all surfaces curve anteriorly or taper pos¬ 
teriorly. The diameter at the posterior end is about 0.50 of the greatest diam¬ 
eter. .A^t the anterior end of contracted forms, the adoral lips characteristically 
protrude about 0.16 of the dorsoventral diameter and bend dorsad. The dorsal 
lip is shorter and bends at a wide acute angle. This oral structure is conspicu¬ 
ous, Tnalrin g it easy to distinguish this species from other species of Entodinium 
in the stomach contents. The dorsal surface rounds smoothly to the anus, but 
the ventral surface terminates posteriorly in a short, rounded lobe. In lateral 
view the two surfaces come together at the anal opening and form almost a 
right an^e, a pronoimced character in this species. The mouth opens into the 
oesophagus, which extends back to the middle of the body. The endoplasmic 
sack is marked by a feebly defined outline close to the body wall and occupies 
most of the body. The ectoplasm forms a thin layer around the endoplasmic 
sack and fills the posterior lobe. The rectum is short, cylindrical, and opens at 
the anus, which is just dorsal to the posterior lobe. The diort, dlipsoidal 
macronucleus is on the middorsal line about the middle of the body. The 
spherical micronucleus is ventral to the macronucleus. The contractile vacuole 
is anterior to the macronucleus and opens at the middorsal line. 

The endoplasmic sack is filled with small particles of plant tissue. 
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Variation .—^This species varies considerably in length. The smaller indi¬ 
viduals, apparently newly divided forms, tend to be broader in proportion to 
their length than the lai’ger ones. The morphological features are constant. 
The animal is easily distinguished by the protruding, bent, adoral lips in con¬ 
tracted forms, the tapering sides, and the right angle at the posteiior end. 

Measurements .—^Based on 15 specimens taken at random. 

Batio to dorsoventral 
Microns diameter 

Body length. 27.5(20-45) 1.80(1.44-2.20) 

Transdiameter. 7.5 (6-12) 0.54 (0.50-0.60) 

Dorsoventral diameter. 15.0(11-27) 1.00 

Macronucleus.‘. 7.0 (5-8) 0.38 (0.27-0.47) 

Occurrence.—Entodinium protuberans occurs in great numbers in the material 
studied. 

Relationships .—^In this host Entodinium protuberans is near E. simplex 
Dogiel (19256) in size; large individuals of the former and small individuals of 
the latter may have the same length. E. simplex lacks conspicuous adoral lips. 
E, simplex has almost the same diameter throughout its enthe length; E. pro¬ 
tuberans tapers posteriorly. E. simplex is roimded at the posterior end and the 
anus is slightly ventral; E. protuberans has a short lobe and the anus is slightly 
dorsal. The macronucleus of E. simplex is elongate and widens at the anterior 
end, whereas that of E. protuberans is ellipsoidal or spheroidal. 

Entodinium simplex Dogiel, 1925 
Entodinium parvum Buisson; Dogiel, 1926 

Diagnosis .—Body oblong-ovate; all sides smoothly convex; posterior end smoothly 
rounded; macronucleus slender, thickened at anterior end, lying within the anterior two 
thirds of the body. Length 35-44 microns, 10 specimens. 

Measurements .—In the following table, moasuroments of 10 specimens of 
Entodinium simplex taken at random from the Sierra Nevada bighorn, are 
compared mth measurements of the same species from other hosts as given by 
Dogiel (1927). 


Asia 


Body length. 

Transdiameter.... 
Dorsoventral 

diameter. 

Macronucleus. 


IVom Sierra Nevada bighorn 

Microns dorwventral 

vuwvua diameter 

38 (35^) 1.70(1.6S-1.75) 

15 (13-16) 0.68 (0.60-0.80) 

24 (21-27) 1.00 

13 (10-14) 0.49 (0,48-0.51) 


From other hosts 
Microns 

43 (38-60) I 1.70-1.74 


25 (21-29) 1.00 


Batio to dorsoventral 
diameter 


Occurrence.—Entodinium simplex was first described by Dogiel (1925&) from 
the reindeer. He reported it in 1927 in dieep and cattle from various parts of 
Russia, and in 1934 in the Kamchatka wild sheep {Ovis nivicola nivicola), in 
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the yak, and in sheep from Mongolia. Hsiung (1931) recorded it in sheep in 
China, and Becker and Everett (1930) found it in lambs in the United States. 
It is found infrequently in the bighorn. 

Relationships, —^Wci*theim (1936a) made a comparative study of E, simpleXj 
E. exiguum, E. nanelkm, E, duhardi duhardi, and E, parvum^ which are all 
small species. In the Sierra Nevada bighorn, E, simplex is nearest E, prolu^ 
herans in size and form. Comparison with that species is made in the account 
of E. protuberans (p. 240). 


Entodinium truncatum sp. nov. 

(Plate 24, figure 7) 

Diagnosis.—Body broadly ellipsoidal, compressed laterally; anterior end in contracted 
specimens truncated or slightly oblique; posterior end truncated, flattened laterally, no 
lobes or spines; maeronucleus oblong-ellipsoidal or slightly reniform, situated at the mid¬ 
dle of the dorsal side of the body. Length 36-50 microns, 10 specimens. 


Description .—The sides are evenly convex. In contracted specimens, a de¬ 
pression is formed at the anterior end, in which the heavy ventral lip overlaps 
the dorsal lip so that the latter can hardly be distinguished. The part of the 
body posterior to the endoplasmic sack is flattened laterally. The posterior end 
is tnmeated, without spines or lobes but mth the dorsal part rounded and the 
ventral part forming an obtuse angle. The cuticle is thin and flaccid so that the 
animals sometimes appear as shapeless masses. Mounting in water (one half 
distilled, one half tap) restores them more nearly to their normal form. The 
oesophagus extends backward and dorsad, ending near the posterior end of the 
macronucleus. The endoplasmic sack is outlined by a distinct boundary line 
and is surrounded by a thick layer of ectoplasm which is especially well de¬ 
veloped on the dorsal side and at the posterior end. The long, narrow rectum 
extends straight back to the anal opening, which is at the center of the posterior 
end. The maeronucleus is oblong-ellipsoidal or reniform in shape, and is situ¬ 
ated at the middle of the body on the dorsal side. The micronucleus is spherical 
and is close to the ventral side of the maeronucleus. The single, large contractile 
vacuole is anterior to the maeronucleus and opens at the middorsal line. The 
food in the endoplasmic sack appears to consist of small particles of plant tissue. 

Variation .—This species varies noticeably in proportions, some individuals 
being as broad as long. The morphological details do not vary greatly, and the 
animal can be identified among numerous other species because of its depressed 
anterior end and its lobeless, truncated posterior end. 

Measurements .—^Based on 10 specimens taken at random. 


.Axis 

Body length. 

Transdiameter. 

Dorsoventral diameter 
Maeronucleus. 


natio to doxBoventral 
diameter 

46 (40-60) 1.37 (1.17-1.66) 

26 (20-35) 0.62 (0.60-0.78) 

34 (28-40) 1.00 

14(10-17) 0.37(0.31-0.48) 


Occurrence.—Eniodinium truncatum is infrequent in the material studied. 
Relationships.—Entodinium truncatum and E. monianvm have similar an¬ 
terior ends in contracted individualB and do not differ greatly in size, but the 
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latter is ovoid in lateral view and has a short posterior lobe, whereas the former 
has no lobe. The macronucleus of E. truncatum is oblong-ellipsoidal or reni- 
form; that of E. montanum is club-shaped or sausage-shaped. 


Entodinium montanum sp. nov. 

(Plate 24, figure 6) 

Diagnosis ,—Body elongate, ovoidal, compressed laterally; sides evenly convex; an¬ 
terior end truncated in contracted forms; one short, ventral, posterior lobe; macronucleus 
club- or sausage-shaped, one third to one half the length of the body. Length 36-63 mi¬ 
crons, 10 specimens. 

Descriptim ,—^The vddest part of the body is just anterior to the middle. The 
sides are evenly convex. In contracted specimens, the anterior end is trun¬ 
cated. The ventral adoral hp is heavy and folds over the dorsal lip so that the 
latter is almost entirely obscured. The dorsal surface continues smoothly 
rounded to the anal opening without posterior prolongation. The ventral sur¬ 
face terminates in a short, smoothly rounded lobe which reaches to the anal 
opening. The oesophagus is long, narrow, and extends sharply dorsad to a point 
near the posterior end of the macronucleus. The endoplasmic sack is outlined 
by a thin boundary and occupies most of the body. The ectoplasm forms a thin 
layer on the ventral and lateral body walls but thickens on the dorsal side and 
in the posterior region. The cylindrical rectum is long, runs obliquely (45®) 
dorsad, and terminates in the anus, which is dorsal to the ventral posterior 
lobe. The macronucleus is club-shaped or sausage-shaped and thickens gradu¬ 
ally toward the anterior end. It is near the dorsal wall in the anterior half of the 
body. The micronucleus is ellipsoidal and lies at the middle of the ventral side 
of the macronucleus. The single contractile vacuole is anterior to the macro- 
nucleus and opens to the left of the middorsal line. The food in the endoplasmic 
sack consists of small particles which could not be identified. 

Variation ,—^This species varies somewhat in length but is fairly constant in 
body proportions and in morphology. 

Measurements .—^Based on 10 specimens taken at random. 


Axis 


MioroDS 


Katio to dorsoventriJ 
dianxotor 


Body length. 

Transdiameter. 

Dorsoventral diameter 
Macronucleus. 


47 (36-53) 1.63 (1.34-1.85) 

20 (16-25) 0.70 (0.64-0.78) 

29 (22-32) 1.00 

19 (12-26) 0.67 (0.44-0.88) 


Occurrence,—Entodinium montanum is infrequent in the material studied. 
Relationships, — A, comparison with E. truncatum is given in the account of 
that species (p. 241-242). 


Entodinium sierrae sp. nov. 

(Plate 25, figure 9) 

Body elongated oblong-ellipsoidal, compressed laterally; lateral surfaces 
slightly convex; contracted specimens oblique at anterior end; two small lobes at pos¬ 
terior end; macronucleus short, ellipsoidal. Length 46-65 microns, 10 specimens. 
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Description, —^This species is the largest of the genus Entodinium from this 
host. Both dorsal and ventral surfaces are slightly convex and the convexity of 
the latter increases around the posterior lobe. The lateral surfaces are evenly 
and very slightly convex. The anterior end is rounded in partly contracted 
forms and oblique in fully contracted ones, the dorsal side extending the 
farther forward. There are two posterior lobes of which the ventral one is 
broad, massive, and smoothly rounded while the dorsal one is short and bluntly 
pointed. The oesophagus is short and terminates back of the level of the pos¬ 
terior end of the macronucleus. The endoplasmic sack occupies most of the 
body. The ectoplasm forms a thin layer aroimd the endoplasmic sack and 
thickens in the posterior lobes. The rectum lies at an angle of 45® from the 
axis and opens at the anus, which is at the junction of the two lobes. The 
macronucleus measures only about 0.16 of the total length. It is oblong-ellip¬ 
soidal in outline and is located dorsally, anterior to the middle of the body. The 
micronucleus is ellipsoidal or spheroidal and is ventral to the posterior end of 
the macronucleus. The single contractile vacuole is relatively small, is situated 
anterior to the macronucleus, and opens at the left of the middorsal line. The 
food consists of large and small particles of plant tissue, small species of Ento- 
dinium, and other ciliates. 

Variation, —^This species varies little except in body length. Short indi¬ 
viduals, which may be newly divided forms, are found. 

Measurements, —^Based on 10 specimens taken at random. 


Axis 


Microns 


Baiio to doxsoventral 


Body length. 

Transdiameter. 

Dorsoventral diameter 
Macronucleus. 


66(45-65) 1.60(1.38-1.80) 

27 (25-30) 0.70 (0.60-0.75) 

36(30-40) 1.00 

12 (8-16) 0.31 (0.21-0.40) 


Occurrence,—Entodinium sierrae occurs frequently in the material studied. 
Relationships,—Entodinium sierrae is similar in size and proportions to E, 
anteronucUatum laeve Dogiel (1927). Like E, bursa Stein (E. vorax vorax Dogiel, 
1925), it is carnivorous. 


Entodinium hicavdakm sp. nov. 

(Plate 24, figures 4, 5) 

jDi^wosts.—Orbicular to elliptical in lateral view, with two posterior spines; right sur¬ 
face strongly convex; left surface with wide depression; ventral surface terminating posteri¬ 
orly in a spine with a massive base, and a short, rounded lobe; dorsal surface terminating 
in a curved spine with a broad, flangolike base; macronucleus ellipsoidal; length 22-34 
microns; width 21-34 microns; ventral spine 9-15 microns; 15 ^ecimcns. 

Description, —^In lateral view, the body appears almost circular in outline 
and is usually slightly longer than broad, but sometimes it is broader than 
long. The dorsal surface is strongly convex, the ventral surface less convex. The 
ventral part of the body terminates posteriorly in a short, incon^icuous, 
rounded lobe on the right and a long spine on the left. This spine has a wide, 
massive base with a distinct, constricted distal part longer than the base and 
tapering to a point. The spine turns dorsad, then obliquely posteriorly. The 
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dorsal part of the body terminates posteriorly in a second spine with a broad, 
flangelike base which extends transversely across the right side of the P9steiior 
surface of the body to about the mid-point. The slender, free, distal part of the 
spine is flexible and is curved ventrad or to the right or left. In the lateral view 
the two spines appear to cross, but they are separated by the transverse width 
of the body. The right side of the body is smootUy convex. On the left side, 
there is a deep and vnde depression which is dorsal to the base of the ventral 
spine and which extends anteriorly three fourths of the length of the body. 
The oesophagus is short, bends dorsad, and ends near the center of the body. 
The endoplasmic sack is marked by a weak boxmdary layer and occupies most 
of the body. The ectoplasmic layer is thin on the ventral, right, and left sides 
but thick on the dorsal side. The spines consist enthely of ectoplasm. The 
rectum is short and terminates at the anus, which is near the center of the 
posterior wall, between the ventral lobe and the base of the ventral spine. The 
macronucleus is short, ellipsoidal or spherical in form, and is situated dorsally 
in the anterior half of the body. The micronuclcus is comparatively large, 0.4 
the diameter of the macronucleus, and is on the posterior ventral side of the 
larger nucleus. The contractile vacuole is anterior and to the left of the macro¬ 
nucleus. Food consists of small particles of plant tissue. 

Vanation .—This species does not vaty greatly in size but considerably in 
proportions. Specimens with dorsoventral diameter greater than the length 
often occur. 

Measurements .—^Based on 15 specimens taken at random. 

Ratio to dorsoventral 

Axis Mici'ons diameter 

Body length. 27.7 (23-34) 1.05(0.96-1.26) 

Transdiamotor. 14.0 (12-15) 0.51 (0.48-0.65) 

Dorsoventral diameter. 26.4(21-34) 1.00 

Macronuclcus. 7.6 (6-12) 0.25 (0.20-0.29) 

Ventral spine. 12.0(9-14) 0.66(0.42-0.90) 

Occurrence.—Entodinium bicaudatum occurs frequently in the material 
studied. 

Relationships.—Eniodinivm bicaudatum is about the same size as E. hicor- 
nvium Dogicl (19256) but is shorter in propoiiion to its dorsoventral diameter. 
The two species appear much alike from the dorsal side. Each has two con¬ 
spicuous posterior spines, one ventral and one dorsal; but those of E. bicor- 
nvtum cross while those of E. bicaudatum are separated by the transdiameter of 
the body. E. bicomvium has no posterior ventral lobe and no depression on the 
left side. The macronucleus of E. bicaudatum is short and ellipsoidal; that of 
E. bicomutum is trapezoidal from the dorsal side. 

Entodinium bicaudatum and E. caudatum Stem (1859) are siTm‘1a.r in the 
appearance of the anterior ends of contracted individuals, in having a depres¬ 
sion of the left side and in having three posterior prolongations. E. cavdahm is 
longer in proportion to its width. In E. caudatum the dorsal posterior spine is 
long, and the two preanal lobes are short, one sharp, the other rounded. In E. 
bicaudatum the dorsal and the preanal spines are about the same length and 
the preanal lobe is short and rounded.. 
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Entodinium cavdatum Stein, 1859 
(Plate 25, figure 8) 

Diagnosis. —Body elongated, ovoidal; dorsal surface convex; ventral surface less 
strongly convex; much compressed laterally; posterior end with a long dorsal spine and 
two ventral lobes, the left short and bluntly rounded, the right acutely pointed. 

Variation. —In specimens of Entodinium caudatum observed from this host, 
the length and Avidth of body and the length of the posterior spine vary little. 
On the whole the animals are smaller and are longer in proportion to their 
width than those described from other hosts. The macronucleus is shorter in 
proportion to body length and to the dorsoventral diameter. 

Measurements. —^Based on 10 specimens taken at random. 


Ratio to dorsoventral 

Axis Microns diameter 

Body length. 35.3 (32-38) 1.45 (1.25-1.65) 

Transdiameler. 13.0 (12-16) 0.55 (0.40-0.65) 

Dorsoventral diameter. 24.5 (22-30) 1.00 

Macronucleus. 11.0 (8-14) 0.39 (0.33-0.42) 

Posterior dorsal spine. 23.9 (20-27) 0.98 (0.80-1.22) 


Occurrence.—Entodinium caudatum was reported by Stein (1868) in sheep 
in Germany. Schuberg (1888) made the first dra^ving of it and Eberlein (1895) 
found it in cattle in Germany. It was reported by Cunha (1914) in cattle in 
Brazil, by Dogiel (1927) in cattle and sheep in Russia, by Hsiung (1931) in 
sheep in China, and by Becker and Talbott (1927) in cattle in America. The 
species occurs infrequently in the stomach contents of the bighorn studied. 

Relationships. —Comparison with E. hicaudatum is made in the account of 
that species (p. 244), 

Metadinium tauriaim (Dogiel and Fedorowa, 1925) Kofoid 
and MacLennan, 1932 

Diplodinium medium A-werinzew and Mutafowa, 1914, var. tauricum Dogiel and Fedorowa, 
1925, p. 100, fig. 3. 

Eudiplodmium medium Awerinzew and Mutafowa, 1914, forma tauricum Dogiel and Fe¬ 
dorowa, 1027, p. 126-127, fig. 70. 

Metadinium taunevm (Dogiel and Fedorowa, 1925) Kofoid and MacLennan, 1932, p. 115. 
Diagnosis.-—Sae Kofoid and MacLennan (1932, p. 115). 

Occurrence. —^Dogiel (1927) reported Metadinium tauricum to be frequent in 
sheep and infrequent in goats and cattle in various parts of the U. S. S. R. and 
Persia. Hsiung (1931) reported it in sheep in China. It occurs in abundance in 
the bighorn studied. 

Measurements. —^The food of this species consists of large bits of plant de¬ 
bris, particularly of long, vegetable fibers which distend and distort the body. 
Ten individuals, which contained no fibers, were measured and the results 
compared with tiiose given by Dogiel (1927, p. 127). 


Dorsoventral Ratio “to donsoventral 

Ayig Xiengtli in xniorons diameter diameter 

Sierra Nevada Bighorn . 266(184r^) 242 <170-300) 1.25 (0.94r-1.28) 

Prom other hosts (Dogiel) . 236(186-288) 184(70-160) 1.76 
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Variation,—Metadinium tauricum from the Sierra Nevada bighorn varies 
considerably in size but little in proportions. In general, specimens studied 
were larger, and the dorsoventral diameter was greater in proportion to the 
length than those reported from other hosts. 

Genus Polyplastron Dogiol, 1927 

Polyplastron Dogiel, 1927, pp. 13(>-134, figs. 73-74; 1928, partim, p. 332 (for pp. 332-334, 

fig. 4a, &, see Elytroplasiron Kofoid and MacLennan, 1932, p. 119). 

Diagnosis.—Ophryoscolecidae with dorsal and adoral membranelle zones at the anterior 
end of the body; two skeletal plates beneath the right surface, either separate oriused; 
three longitudinal plates beneath the left surface, with their anterior ends connected by 
transverse bars or a thickened band; a line of contractile vacuoles beneath the dorsal 
surface, with additional vacuoles beneath the other surfaces. (The diagnosis of the genus 
Polyplastron given by Kofoid and MacLennan, 1932, p. 116, is here revised in order to 
include a new species, P, califomiense,) 

Type species,—Polyplastron multivesiculatuin (Dogiel and Fedorowa, 1925) 
from domestic cattle in the U. S. S. R. 

Polyplastron califomiense sp. nov. 

(Plate 25, figures 10, 11) 

Diagnosis.—Body oval, stout; two right skeletal plates and three left plates, the middle 
one small; five or more contractile vacuoles; posterior end with a heavy, broadly rounded 
ventral lobe. Length 130-200 microns, 10 specimens. 

Description, —The operculum projects anteriorly in contracted individuals. 
The sides are smoothly convex. The posterior end has a wide, massive ventral 
lobe. Two skeletal plates lie beneath the right surface. The first of these, the 
“primitiva,’' lies to the right of and close to the macronucleus. It has two lobes 
at the anterior end; the larger lobe extends into the operculum, and the other 
lies just posterior to the adoral zone. From the lobes the plate narrows to a 
slender shaft, curves backward, and tapers to a point near the posterior body 
wall. The second plate, the ‘‘carina,^’ is shorter and wider than the first. It has 
two wide anterior lobes, the larger of which extends ventrad and the other 
extends toward the smaller lobe of the first plate. Back of the lobes, the plate 
tapers posteriorly for about three fourths of its length and then widens on'the 
dorsal edge to form a terminal lobe shaped like half of an arrowhead. 

Three skeletal plates occur on the left side. The middle plate, the '‘antica- 
lina,” is small, short, trapezoid-shaped and widest at the anterior end. The 
dorsalmost plate, the “tergum,’^ is long and narrow, begins near the anterior 
end of the middle plate, extends dorsad, follows the dorsal wall backward, and 
tapers to a point near the posterior body wall. The third plate, the ^^scutum,"' 
begins near the anterior end of the middle plate, curves ventrad and then pos¬ 
teriorly, and tapers to a point at about half the body length. In some indi¬ 
viduals, the distal part of this plate lies along the ventral wall. The three plates 
are connected at the anterior ends by a band of thickened ectoplasm which 
tak^ a darker stain than the suiTOunding protoplasm. The band usually lacks 
definite plate structure, but in some specimens a few skeletal prisms are formed. 
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The macronucleus is an elongate, slightly curved, club-shaped body which 
enlarges anteriorly and tapers gradually to a rounded tip at the posterior end. 
The ellipsoidal micronucleus lies in a depression in the maeronudeus. The de¬ 
pression may be on the dorsal side or on the right or left surface of the macro¬ 
nucleus. 

Five contractile vacuoles were found. Four of these lie along the middorsal 
linfi and one lies to the right near the anterior end of the macronucleus, on a 
level with the first dorsal vacuole. The oesophagus is relatively short. Its 
fibrils extend into the body to the anterior third of the macronucleus. The 
endoplasmic sack occupies most of the body. The ectoplasm forms a thin layer 
which thickens dorsally and in the ventral lobe. The rectum is a large, thick- 
walled fuimel with heavy longitudinal fibrils; it terminates in an elliptical 
anus dorsal to the ventral lobe. The margin of the anus is scalloped by the 
thickened ectoplasms at the ends of the rectal fibers. The food consists of 
vegetable fibers and bits of debris. 

Variation .—^The length varies noticeably but the proportions are fairly con¬ 
stant. Some variation occurs in the form of the middle plate on the left side 
and in the band connecting the anterior ends of the three left plates. The mid¬ 
dle plate may be sharply outlined with distinct and compact prisms, or it may 
be loosely formed with the prisms widely separated. The band connecting the 
plates on the left side is more dense in some individuals than in others, and it 
may contain a few skeleta’ prisms. 

Measurements .—^Based on 10 specimens taken at random. 

Ratio to dorsoventral 

* Axis MicxonS Hia-nintwr 

Length. 162(130-200) 1.21(1.11-1.29) 

Transdiameter. 97 (80-115) 0.72 (0.66-0.82) 

Dorsoventral diameter. 133(110-155) 1.00 

Macronucleus. 102 (85-115) 0.76 (0.66-0.84) 

Occurrence.—Polyplasiron californiense occurs abundantly in the material 
studied. 

Relationships.—Polyplastron cadifomimse is similar to P. muUivesiculaivm 
(Dogiel and Fedorowa, 1925), the type species, in general morphology but is 
larger and somewhat shorter in proportion to its dorsoventral diameter. Both 
have five plates similarly arranged, but the individual plates differ markedly. 
In P. ad^omiense the first right plate is almost as long as the body, lobed at 
the anterior end, and curves to a point near the posterior wall. The second plate 
on the right is lobed at its anterior end and widens on the dorsal edge at its 
posterior end, which reaches almost as far back as the tip of the first plate. On 
the left side, the middle plate is about one sixth of the body length, trapezoid¬ 
shaped, and widest at the anterior end. The plate dorsal to the middle plate is 
almost as long as the body and is curved so that the distal half follows the 
dorsal wall back to a point near the posterior vail. The plate ventral’ to the 
middle one is half as long as the body, curves toward the ventral wall, and in 
some individuals the distal part of the plate lies along the ventral wall. The 
three left plates are connected at their anterior ends by a thickened ecto¬ 
plasmic band. 
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In Polyplastron multivesiculatum the first right plate is two thirds as long as 
the body, is angular at the anterior end, extends straight back, and ends ab¬ 
ruptly at about one fourth of the body length from the posterior wall. The 
second plate is sharply angular at the anterior end and lies parallel to and is 
shorter than the fii*st plate. On the left side, the middle plate is small and simi¬ 
lar in form to that in P. californiense. The plates dorsal and ventral to the mid¬ 
dle one are short, slender, and connected at their anterior ends by rods. 

Enoploplastron triloricatum (Dogiel, 1925) Kofoid and MacLennan, 1932 

Diplodinium tnloricatum Dogiel, 1925ff, pp. 133, 141, fig. 6; 1925c, pp. 292, 326, 347, pi. 18, 
figs. 65-76; Fantham, 1926, p. 568. 

Diplodinium tnloricatum forma tnloricatum Dogiel, 19256, p. 56, fig. 16. 

Ostracodinium triloricatum forma tnloricatum Dogiel, 1927, pp. 152-154, fig. 87. 
Diplodinium ecaudatum Roes, 1930, pp. 369-370. 

Enoploplastron triloricatum (Dogiel, 1925cf) Kofoid and MacLennan, 1932, p. 141, fig. H, 1. 
Diagnosis. —See Kofoid and MacLennan (1932, p. 141). 

Occurrence.—Enoploplastron triloricatum was reported by Dogiel (1927) from 
cattle in the U. S. S. R., from reindeer (Rangifcr taj'andus) in northern XJ. S. 
S. R., and from antelope (Rhaphiceros sp.) in British East Africa; by Fantham 
(1926) from cattle in South Africa; by Rees (1930) from cattle in Louisiana; 
andby Hsiung (1931) from sheep in China. It is abundant in material studied. 

Measurements. —^The summarized measurements of this species, as given by 
Dogiel (1927) are: length, 60-112 microns; dorsoventral diameter 37-70 
microns. Measurements of 10 specimens taken at random from the Sierra 
Nevada bighorn are: length, 105 microns (85-120 microns); dorsoventral diam¬ 
eter, 65 microns (50-80 microns); ratio of length to dorsoventral diameter, 
1.70. 

Ophryoscolex caudatus Eberlein, 1895 

Opkyryoscolex caudal us Eberlein, 1895, pp. 247-250, pi. 16, fig. 4; Giinilicr, 1890, pp. 545-572, 
figs. 1-16; Buisson, 1923, pp. 129-130, fig. 48; Fantham, 1926, p. 568; Beckor and Talbott, 
1927, p. 268, fig. 20. 

Ophryoscolex caudatus forma tricoronatus Dogiel, 1927, pp. 199-202, figs. 110-111; Ilsiung, 
1931, p. 38. 

Ophryoscolex caudatus Eberlein, 1895; Kofoid and MacLennan, 1933, p. 26. 

Diagnosis. —See Kofoid and MacLennan (1933, p. 26). 

Ocaurrertce.—Ophryoscolex caudatus has been reported from sheep and cattle 
in Germany by Eberlein (1896) and by Gunther (1900), from South Africa by 
Fantham (1926); from Iowa by Becker and Talbott (1927), from China 
by Hsiung (1931), from various parts of the U. S. S. R. and from Persia by 
Dogiel (1927). It ocems frequently in some parts of the stomach contents of 
the Sierra Nevada bighorn studied, and rarely in other parts. 

Measurements. —^Measurements of this species as recorded by Dogiel (1927) 
are: length, 150 microns (137-162 microns); dorsoventral diameter, 89 microns 
(80-98 microns); ratio, 1.65; spine, 64 microns (48-60 microns). Average 
measurements of 10 specimens from the Sierra Nevada bighorn are: length, 
145 microns (136--155 microns); dorsoventral diameter, 80 microns (76-86 
microns); ratio, 1.77; spine, 60 microns (50-80 microns). 
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Ophryoscolex quadricoronaitis Dogiel, 1927 

Ophryoscolex caudatus Eberlein, 1895, forma quadricoromtus Dogiel, 1927, pp. 202-206, 
figs. 112—114. 

Ophryoscolex qwdricoronatus Dogiol, 1927; Eofoid and MacLeunan, 1933, p. 26. 
Diaqnom.-—Be^ Kofoid andMacLennan (1933, p. 26). 

Occurrence .—Dogiel (1927) reported 0. quadricoronaius from domestic sheep 
in Bokhara and Turkestan and from Ovis orientalis cycHoceros in northern Per¬ 
sia. It occurs abundantly in the material studied. 

Measurements .—Measurements of this species as recorded by Dogiel (1927) 
are: length 163 microns (128-180 microns); dorsoventral diameter, 96 microns 
(86-100 microns); ratio, 1.7. Average measurements of 10 specimens from the 
Sierra Nevada bighorn are: length, 143 microns (130-156 microns); dorso¬ 
ventral diameter, 80 microns (78-85 microns); ratio, 1.80. 

Ophryoscolex purkynjet Stein, 1858 

Ophryoscolex purkynjei Stein, 1858, p. 70; Eberlein, 1895, pp. 260-251, pi. 16, fig. 5; Braune, 
1913, pp. 43-66; Cunha, 1914, pp. 68,60,63; Buisson, 1923, pp. 128-129, fig. 47; Dogiel and 
Fodorowa 1925, pp. 267-268, 2 figs.; Pantham, 1926, p. 668; Dogiel, 1927, pp. 206-210, 
figs. 115-116. 

Diplodinium, vortex Fiorenlini, 1889, pp. 11-12, pi. 1, figs. 1-2. 

Diagnosis .—See Kofoid andMacLennan, 1933, p. 25. 

Occurrence.—Ophryoscolex purkyngei has been reported in cattle, sheep, and 
goats from the C. S. R. by Stein (1858); from Germany by Eberlein (1895) 
and Braune (1913); from various parts of the U. S. S. R. by Dogiel (1927); 
from South Africa by Fantham (1926); and from Brazil by Cunha (1914). It 
occurs rarely in the material studied. 

Measurements .—^Measurements as recorded by Dogiel (1927) are: length, 
185 microns (155-216 microns); dorsoventral diameter, 95 microns (80-110 
microns); ratio, 1.94. Average measurements of 6 specimens from the Sierra 
Nevada bighorn arc: length, 171 microns (150-185 microns); dorsoventral 
diameter, 91 microns (75-100 microns); ratio, 1.88. 

OTHER CILIATES 

The cUiates, Dasytricha ruminantium Schuberg, 1888, and Isotricha prostoma 
Stein, 1859, were found in the material studied, but neither was abundant. 
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TABLES COMPARING THE FAUNAS OF OPHRYOSCOLECIDAE IN 
DOMESTIC SHEEP AND WILD SHEEP 
The question whether a species of host animal has a specific infusorian, stom¬ 
ach fauna of Ophryoscolecidae has been discussed from time to time, but no 
definite decision has been reached. For comparison of faunas, in the following 
tables lists are given of the ciliates of this family that have been reported from 
various species of the genus 0ms. 

Fifty-nine species of Ophryoscolecidae have been recorded from domestic 
sheep, which have been taken from many localities. Only one species, Ento- 
dinium cavdatum, has been found in all species of Ovis that have been studied. 
Eleven species that have not been reported in domestic sheep have been found 
m wild sheep. The faunas in wild sheep are similar in regard to genera, but 
these genera and most of the species are foimd also in other host animals, such 
as goats and cattle. 

The rather limited study of wild sheep does not indicate that species of 
Ovis have specific stomach faunas. 



Bush-Kofoid: Ciliates from the Sierra Nevada Bighorn 251 


Comparison op Faunas op Ophrtoscolb€3idab in Domestic and Wild Sheep 


Species 

Ovis aries 

0. nwicola niviccHa 

0. orientaliscycloceros 

0. lervia 

1 

s 

1 

§ 

d 

Entodinium 

1. simplex'Dogielj 1926. 

+ 

+ 

+ 


+ 

2. longimicleatum'Dogielj 1926. 

+ 





3. longinucleatumi, cos^fl^wmWertheim, 1934. 

+ 





4. longinucleatumL amphicostatumWertheim, 1934_ 

+ 





6. minimum Schuberg, 1888. 

+ 



+ 


6. minimum i. paruicaudaWertheimj 1935. 

+ 





7. furca da Cunha, 1914. 

+ 





8. furca f. dilobum Dogiel, 1927. 

+ 





9. furca f. monolohum Dogiel, 1927. 

+ 





10. furca f. angustatum Dogiel, 1927. 

+ 





11. dubardiBmssoiij 1923. 

+ 





12. duhardif. crasaicaudatum (Buiason, 1923) Dogiel, 

1927. 

+ 





13. lobosorspinosum Do&el, 1925. 

+ 





14. bursa Stein, 1858. 

+ 



+ 


15. voraxi.bispinosum'Do^elf 1927. 

+ 





16. ovinum Dogiel, 1927. 

+ 

+ 

+ 



17. c<ztw?a<wm Stein, 1859. 

+ 

+ 

+ 

+ 

+ 

18. dentatum Stein, 1869... 

+ 



+ 


19. nanellum Dogiel, 1921. 

+ 





20. rostratum Fiorentini, 1889. 

+ 



+ 


21. parzmm Buisson, 1923. 

+ 





22. erciflfwww Dogiel, 1925. 

+ 





23. eZZipsoideumKofoidandMacLennan, 1930. 

+ 





24. feiwzasZMS Dogiel, 1927. 

+ 





25. ZnacMwi Buisson, 1923, f. teZrwm Dogiel, 1927. 

+ 




i 

26. Twnwmsp.nov. 





+ 

27. orbicularis sp. nov. 





+ 

28. protuberanssp.nov . 





+ 

29. bicaudatum sp. nov. 





+ 

30. truncatum sp. nov. 





+ 

31. montanumBp, nov. 





+ 

32. sierraesp.nov. 





+ 

Total. 

25 

a 

3 

5 

9 

Eodinium Kofoid and MaoLennan, 1932 

33. posterovesiculaium (Dogiel, 1927) Kofoid and 

MaoLennan, 1932. 

+ 





34. hUobosum (Dogiel, 1927) Kofoid and MaoLennan, 
1932. 

+ 

. .. 




Total. 

2 


■ 

■ 

•• 
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Comparison of Faunas op Ophryoscolecidae in Domestic and Wild (Continued) 


Species 



Diplodinium 

36. quinquecaudatum'Do^Qlj 1925. 

36. dentatum (Stein, 1858) Schuberg, 1888. 

37. anacanthum'Do^clj 1927. 

38. monocant1iumT>ogio\j 1927. 

39. diacanlkum Dogiel, 1927. 

40. triacanthvm Dogiel, 1927. 

41. tetracanlhum l^ogielt 1927. 

42. pentacanthumDog^el, 1927. 

43. anisacanihum da Cunha, 1914. 

44. bursa Fiorentini, 1889. 

Total. 

Eremoplastron Kofoid and MacLonnan, 1932 

45. rostratmi (Fiorentini, 1889) Kofoid and Mac- 

Lcnnan, 1932. 

46. neglectum (Dogiel, 1925) Kofoid and MacLennan, 

1932... 

47. bovis (Dogiel, 1926) Kofoid and MacLennan, 1932., 

48. dilobum (Dogiel, 1927) Kofoid and MacLennnan, 

1932. 

Total. 

Eudiplodinium 

49. maggii (Fiorentini, 1889) Dogiel, 1927. 

60. maggii (Fiorentini, 1889) f. costofum Wertheim, 1933 

Total. 

Diploplastron Kofoid and MacLonnan, 1932 
51. affine (Dogiel and Fedorowa, 1925) Kofoid and 

MacLennan, 1932.?. 

Total. 

Metadinium 

62, wedwmAwerinzewandMutafowa, 1914. 

53. tauricum (Dogiel and Fedorowa, 1926) Kofoid and 
MacLennan, 1932. 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


9 


+ 

+ 

+ 

3 


+ 

+ 

2 


4 * 

1 


+ 

+ 



Total 


2 


1 


1 


O, canadensis aierrae 
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Comparison op Faunas of Ophryoscoi^cidae in Domestic and Wild Sheep— 


Speoiob 

Ovisaries 

0. nivicola nivicdla 

i 

6 

1 

d 

i 

lo 

.*0 

§ 

w 

d 

Polyplastron 

54. muliivesiculatum (Dogiel and Fedorowa, 1925) 

Dogiel, 1927. 

+ 

+ 

+ 



65. califomiense sp. nov. 





+ 

Total. 

1 

1 

1 


1 

Ostracodinium 

56. gradle (Dogiel, 1925) Kofoid and MacLeiman, 1932. 

+ 





Total. 

1 





Enoploplastron Kofoid and MacLennan, 1932 

67. trUoricatum (Dogiel, 1926) Kofoid and MacLeiman, 
1932. 

+ 


+ 


+ 

Total. 

1 


1 


1 

Epidinium ' 

58. caudatum (Fiorentini, 1889) Kofoid and Mac¬ 
Lennan, 1933. 




+ 


59. ecavdatum (Fiorentini, 1889) Kofoid and Mac¬ 
Lennan, 1933. 

+ 



+ 


60. quadricaudatum (Shaip, 1914) Kofoid and Mac¬ 
Lennan, 1933. 

+ 





61. parvicaudatum (Awerinzew and Mutafowa, 1914) 
Kofoid and MacLennan, 1933. 

+ 





62. hamatum (Schulze, 1924) Kofoid and MacLennan, 
1933. 

+ 





63. eberleini (da Cunha, 1914) Kofoid and MacLennan, 
1933. 

+ 





Total... 



.. 

2 

.. 

Ophryoscolex 

64. huissoni (Dogiel, 1927) Kofoid and MacLennan, 
1933. 

+ 


+ 



65. hicinctus (Dogiel, 1927) Kofoid and MacLennan, 
1933. 

+ 





66. purhynjeiSteia, 1868. 

+ 



+ 

+ 

67. inermis Stein, 1868. 

68. caudatus Eberlein, 1896.'. 

+ 



+ 

• • 

+ 

+ 


+ 

+ 

69. hicoronatiis (Dogiel, 1927). 

+ 

.. 




70, qiuidricoronaiiLS (Dogiel, 1927) Kofoid and Mac¬ 
Lennan. 1933. 

+ 


+ 


+ 
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COMPABISON OP THE NtTMBBE OF GBNBBA AKD SpECIES OcCTJBBmG IN 
Ovis aries and Ovis canadensis sierras 



0. ariss 

0. cana¬ 
densis sierrae 

Common 
to both 

Totd 

. 

12 

5 

5 

12 

XViuniDor 01 genet .. 

59 

15 

7 

67 


0 

8 

0 

8 

xNuHiDer oi new .. 






Number op Genera and Species in Ovis canadensis sierras in Common 
WITH Othbe Spbcjies op Wild Sheep * 


0. nivicola nivicola — 
0. orientalis cy closer os 
0, lervia . 


Genera 


Species 


4 

4 

3 


4 

4 

4 


SUMMARY 

1. The stomach contents from one specimen of the Sierra Neva^ bighorn, 
Ovis canadmds sierrae Grinnell, contained fifteen species of dliates of the 
family Ophryoscolecidae, and two species of holotrichous ciliates. 

2. Eight new species of Ophryoscolecidae are found in the Sierra Nev^a 
bighorn, as follows: Entodinium nanwn, ErOodinium orUcvlaris, EnMiniwn 
proiuberans, Entodinium fruncatum, Entodinium montanum, Entodinium sier¬ 
rae, Entodinium bicaudcdum, and Polyplastron ccdifomiense, 

3. -The of the genus Polyplastron is revised to include the species. 

Polyplastron califomiense. 

4. Tables comparing the faunas of Ophryoscolecidae found in domestic and 
wild sheep are given. 
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PLATE 24 


All figures weie drawn with camcia lucida fiom whole mounts 
m water tmged with eosin, X 1100 

Fig 1 Entodimum nanum &p nov 

Fig 2 Entodimum orbicularis sp nov 

Fig 3 Entodimum piotubeians sp nov 

Fig 4 Entodimum bicaudaium sp nov Loft lateral view 

Fig 5 Entodmium bicaudaium sp nov Right lateral view 

Fig 6 Entodimum montanum sp nov 

Fig 7 Entodimum truncatums;p nov 
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Fig 10 Poh/plastion adifoniunsc sp nov Left 1 itcial view 
Fig 11 Polypla^t/on cahfoimense hp nov Right latoial view 
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CELL DIVISION IN ENTAMOEBA OINOIVALIS 

BY 

ELMEE E. NOBLE 

Ti TTTT.Ti! aqeeiement is found in the published literature concerning the details 
of the process of mitosis in Entamoeba gingivalis. The nuclei are sTnall, and 
division stages are difScult to find and to recognize in the usual smear prepara¬ 
tion. The present investigation attempts to add more details to our knowledge 
of the mitotic process and nucelar cytology of this common protozoan parasite 
of the human mouth. 

TECHNIQUE 

Amoebae were obtained m direct smears from the mouths of sis students and 
faculty members. Smears were treated with Schaudinn’s, Heidenhain’s Susa, 
or Gilson-Camoy fixatives, and were stained in Heidenhain’s iron hematoxylin 
or in Harris’ alum hematoxyHn. Following the suggestion of Stabler (1932), 
the writer tried using different percentages of glacial acetic acid in the Schau- 
diim’s fluid. The “typical” appearance of the nucleus was obtained after add¬ 
ing 5 per cent acetic acid to the fixative. The Feulgen reaction, with 0.02 per 
cent mdulin as the counterstain, was employed in an effort to determine the 
origin of chromosomes. 


THE RESTING PHASE 

(PI. 26, figs. 1,2,4, 5; pi. 28, fig. 12) 

The mterphase nucleus varies considerably m its appearance. A typical resting 
condition is here described as found in smears stained in Heidenhain’s iron 
hematoxylin after Heidenhain’s Susa fixative. Peripheral chromatin is thin 
and occurs irregularly as blobs or beads against the inner wall of th^ delicate 
nuclear membrane. Chromatin is sometimes absent from one side, and the 
boundary of the nucleus is consequently difScult to distinguish there from the 
adjacent cytoplasm. A large blob of peripheral chromatin is frequently ob¬ 
served (pi. 26, fig. 4), apparently formed by fusion of much of the normal 
peripheral material, for when it is present the rest of the peripheral chromatin 
is generally thinner than usual. On these occasions the endosomal granules are 
often more widely separated than in tire majority of truly interphase nuclei; 
hence the formation of such a blob would seem to be associated with the begin¬ 
ning of the prophase. 

The periendosomal granules are minute, occupying all the zone between 
the peripheral chromatin and the endosome; but they are generally more con¬ 
centrated about midway between these two areas. These granules may be 
evenly spaced or may be clustered to form irregular, pale gray patches. 

The endosome consists of several deeply staining granules in the center of 
the nucleus and imbedded within a lighter matrix. Occasionally it is sub- 
central in position. Three or four granules of slightly different sizes are usual. 
A clear halo around the endosome is sometimes evident. Clearly defined radial 
threads from the endosome to the periphery were seldom observed. When 
present (in heavily stained material), the radii usually project from the endo- 
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some for a short distance, then disappear in the nucleoplasm before reaching 
the peripheral chromatin. There is no evidence of a centriole. 

When other techniques are employed, the nuclear structures assume more 
varied aspects. With Schaudinn’s fluid containing 5 per cent acetic acid, the 
resting nucleus appears much the same as that described above except that the 
large lateral blob of peripheral chromatin is not common and the endosome 
granules are more compact. With Schaudinn’s fluid containing less than 5 per 
cent acetic acid, the endosome usually appears as a single central granule. 
With 20 per cent acetic acid, the nucleus is apparently rendered less capable of 
taking the stain (iron hematoxylin), for both peripheral chromatin and endo¬ 
some are frequently observed to be pale even in heavily stained material. The 
peripheral chromatin sometimes does not stain at all, making the whole 
nucleus difficult to locate in the cytoplasm. The endosome in these slides is 
generally composed of three or four distinctly separated granules. The cyto¬ 
plasm is more vacuolated than after the fixative with 5 per cent acetic acid. 
It is of interest to note that, after using 20 per cent acetic acid in Schaudinn’s 
fluid, Stabler (1932) found the endosomes of trophozoites and cysts of Endo- 
Umax nana lose their stainability; and Wenrich (1937) observed the same 
phenomena in cysts of lodamoeba biltschlii 

When smears are fixed in Gilson-Carnoy fluid, the cytoplasm is vacuolated, 
more shrinkage occurs than with Schaudinn’s or Heidenhain’s Susa fixatives, 
and the endosome normally appears as a single solid granule. With the Feul- 
gen nucleal reaction, the peripheral chromatin is negative and always takes the 
counterstain. The periendosomal chromatin is seldom distinct enough to be 
discerned, but occasionally it appears to be pale pink, indicating a positive 
reaction. The endosome is either definitely positive (red) or not clearly visible. 
Harris’ ^lum hematoxylin (after Schaudinn’s fluid plus 5 per cent glacial 
acetic acid) gives a picture somewhat similar to that obtained by the use of 
iron hematoxylin after Schaudinn’s fluid plus 20 per cent acetic acid, but the 
peripheral chromatin always appears distinct as a narrow circle in the former 
stain. No large blobs were observed, and the endosome appears as scattered 
granules, frequently three in number but often more numerous. The more 
compact the endosome the less distinct the periendosomal zone. 

The cytoplasm has been adequately described by several writers (Kofoid 
and Sweay, 1924a; Child, 1926) and repetition here is unnecessary. No corre¬ 
lation appears between the number of ingested leucocyte nuclei and the stage 
of mitosis, except that the larger amoebae are more frequently found dividing 
and the larger amoebae generally contain numerous leucocyte nuclei in various 
stages of digestion. Small amoebae are commonly observed without leucocyte 
nuclei, and enucleate forms are occasionally encountered. The amoeba aver¬ 
ages 15/4. in diameter (range, 8 to 50), and its nucleus averages 3.5/4. in diameter 
(range, 1,8 to 6.0). 

THE PROPHASE 

(PL 26, figs. 3,6,7; pi. 27, fig. 8; pL 28, figs. 13-31; pi. 29, figs. 32-36) 

Most of the nuclei observed in the process of mitosis were in the prophase, 
indicating that this phase of division is of relatively long duration. Earliest 
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indications of the prophase are enlargement of the nucleus and clumping of 
periendosomal granules, followed by a dispersal of the endosome. Periendo- 
somal granules gradually become clustered about the endosome granules. 

Peripheral chromatin varies considerably in its behavior during the pro¬ 
phase. In many nuclei it changes very little from the resting appearance. In 
others it is more irregularly distributed, often becoming more heavily con¬ 
centrated on one side (pi. 26, figs. 3, 7; pi. 28, fig. 26; pi. 29, fig. 33). As the 
prophase continues, the scattered endosomal and the concentrated periendo¬ 
somal granules together form a large irregular mass in the center of the 
nucleus (pi. 28, figs. 22-31; pi. 29, figs. 32-33). Because both the endosome and 
chromosomes have the same staining reactions with bematoxybn and with the 
Peulgen technique, a distinction between early chromosomes and endosomal 
products is difficult at this stage. In some nuclei, however, the endosomal 
granules become less distinct and more circumscribed than usual and can 
thus be distinguished from the developing chromosomes (pi. 28, fig. 24). This 
difCerence in appearance may be related to a difference in function. 

Plate 27, fig. 8, and pi. 29, figs. 34-36, are considered to represent late pro- 
phase. In this period the central chromatin granules become less numerous, 
pale, and scattered; and they appear to be connected by crisscross strands. 
Similar-appearing nuclei have been called “anaphase” by Stabler (1940) in 
his paper on mitosis in Entamoeba gingivalis. Similar figures of E. histolytica 
were labeled “prophase” by Kofoid and Swezy (1925) andbyKofoid (1927). 
Stabler’s last prophase (his figure 4) could easily be confused with his first 
anaphase (fig. 5). The chief difference between the two lies m the peripheral 
chromatin. The latter, however, has been shown to be exceedingly variable 
during the prophase. 


THE METAPHASE 

(PI. 29, figs. 37-^9) 

No stage was observed which could imquestionably have been called a meta¬ 
phase. Most nuclei which suggest the metaphase are slightly oval in shape, are 
pale, and have scarcely discernible fibrils, which often lie paralld to the long 
axis of the nucleus. These nuclei contain no heavy granules and their periph¬ 
eral chromatin is thin. They would have been identified as poorly stained 
resting nuclei were it not that the other cellular structures in each amoeba 
were normally stained. One siieh nucleus (pi. 29, fig. 39) was observed to 
possess five pale strands, each with a slight, pale, central enlargement. But 
the parts were too indistinct for indisputable identification. 

Hence it appears that between the prophase and anaphase of mitosis the 
nuclear elements become either achromatic or so finely divided that the stained 
granules are rendered indistinct. No evidence of polar caps, an intrad^imose, 
or astral rays was observed. It is significant that Stabler also was unable to 
find an obvious metaphase in this amoeba. Probably a typical metaphase does 
not exist. 
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THE ANAPHASE 

(PI. 29, figs. 40--41) 


Early anaphase stages have not been identified. It is possible that the meta- 
phase overlaps the anaphase. In late anaphase the chromosomes and fibers 
become aligned in the center, parallel to the long axis of the nnclens. No 
typical spindle is evident, but each group of chromosomes lies against the 
elongated nuclear membrane, and they remain connected by fibers which cross 
at the center of the nucleus. 

In the anaphase stage peripheral chromatin becomes thin, especially at the 
poles of the elongating nucleus, but it persists as a slightly thickened band 
around the middle. In optical section this band appears as two dark stripes 
opposite each other in equatorial position. Stabler (1940) has described addi¬ 
tional stainable material in the center during late anaphase and early telo¬ 
phase. 

The chromosomes are difScult to distinguish because of their small size and 
their manner of foimation and separation. Their number appears to be five. 
Five distinct chromatin bodies have often been observed in the center of the 
nucleus, in slides stained in iron hematoxylin and in the Feulgen preparations. 
But these bodies were probably the endosome in early prophase stages before 
condensation of periendosomai granules (pi. 28, figs. 17, 23, 27). The clearest 
evidence for five chromosomes is found in late anaphase. Child (1926) de¬ 
scribed six chromosomes, and Stabler (1940) described five in Entamoela 


gingivalis. 


THE TELOPHASE 


(PI. 27, figs. 9-11) 


Early telophase stages have not been observed. Later stages show two com¬ 
pletely separated nuclei in a cell which has not commenced cytoplasmic divi¬ 
sion. The cytoplasm then divides to produce the two daughter cells, each with 
one of the new nuclei. Stabler (1940) has described an early telophase during 
which the two daughter nuclei are connected by a filament. 


DISCUSSION 

Generative chromatin (idiochromatin) in Entamoeba gingivalis appears to 
be confined to periendosomai granules. A similar condition has been described 
for other parasitic amoebae (see Kofoid and Swezy, 19246, on Karyamoeiina 
falcata; Kirby, 1927, on Endamoeba disparata; Meglitsch, 1940, on Enda- 
moeba blattae; Wenrich, 1940, on Entamoeba muris) . But Kofoid and Swezy 
(1925) and Uribe (1926) stated that in Entamoeba histolytica the chromo¬ 
somes are derived from the periendosomai chromatin and the peripheral 
chromatin. Child (1926) also described a dual origin of chromosomes in E. 
gingivalis. The Feulgen definitely negative reaction of the peripheral chro¬ 
matin, however, would seem to suggest that this chrofnatin plays no part in 
chromosome formation. 

If we restrict the definition of kinetochromatin to that chromatin which 
constitutes the division center (centriole) or its product, the centrodesmose, 
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Entamoeba gingivalis has no visible kinetochromatin. Neither centrioles nor 
astral rays are produced. This condition raises the question of the function of 
the endosome. The Feulgen technique colors both periendosomal granules and 
the endosome red. Hence the endosome and its surrounding granules may be 
assumed to contain thymonucleic acid. Wenrich (1940) found that in E, mnris 
the endosome could be distinguished from periendosomal granules by the use 
of haemalum. This stain colored the granules, but the endosome was negative. 
InE, gingivaliSfh.o\yeYeT, no marked distinction of this nature was observed by 
the writer (using Harris’ alum hematoxylin). 

The mingling of endosomal granules with periendosomal granules during 
the prophase might suggest that the endosome takes part in the formation of 
chromosomes. Such a function of the endosome has been described for other 
amoebae (see Chalkley, 1936, on Amoeba protens). In the foregoing discus¬ 
sion of the prophase of Entamoeba gingivalis, however, evidence of the func¬ 
tional separation of endosomal and periendosomal granules was presented. 
Wenrich (1940) found that in E, muris the endosome gives rise to an intra- 
desmose and to strands to which the chromosomes are attached. This function 
of the endosome was also described by Kofoid and Swezy (1925) and by Uribe 
(1926) tor E, histolytica, Wenvieh (1940) suggested that the endosome might 
be related to the kinetoplast of the Trypanosomatidae and the Cryptobiidae. 
In species of amoebae, however, in which the endosome does not form a division 
center this relationship is not evident. If, in addition to thymonucleic acid, 
the endosome also contains some plastin material, its function may be to aid 
in the formation of chromosome sheath substance, as has been suggested for 
the endosome (karyosomel of the Myxosporidia (Noble, 1944). The endosome 
may play a role in the exchange of energy and materials between parts of the 
nucleus and between the nucleus and cytoplasm during mitotic division. 

The localization of peripheral chromatin (trophochromatin) in the central 
periphery of the elongating anaphase suggests the interzonal material of 
Endamoeba blattae (Morris, 1936; Meglitsch, 1940) and that of Entamoeba 
muris (Wenrich, 1940), In the latter species this material takes the form of a 
second set of “chromosomes.” Wenrich suggested that these second chomo- 
somes may be fundamentally equivalent to nucleolus-like bodies of Zelleriella 
intermedia described by Ohen (1936). The central band of cloudy material in 
the anaphase of E. histolytica as described by Uribe (1926) may represent, at 
least in part, some of the peripheral chromatin, although it may be derived 
entirely from the endosome. 

Peripheral chromatin thus tends to accumulate in the center of the anaphase 
figures of these amoeba. In Entamoeba gingivalis this tendency is relatively 
slight, but in other amoebae it is evidently strong enough to result in much 
detachment from the nuclear membrane, after which this detached peripheral 
chromatin may assxune various well-defined forms. 

Thus we find that in several respects the nucleus of Entamoeba gingivalis 
exhibits less complexity than the nuclei of many other species of amoebae. 
First, the metaphase plate is apparently absent. This condition may represent 
an accelerated mitosis during which time the prophase chromosomes divide 
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and separate without becoming aligned in an equatorial plate, or it may repre¬ 
sent either a degenerate process or a primitive one. Secondly, if the endosome 
functions only in the exchange of energy and materials between cellular struc¬ 
tures, this function might be considered a fundamental one, and any tendency 
in other amoebae to form a division center would be a secondary function of 
the endosome. Lastly, the periendosomal chromatin exliibits only a slight tend¬ 
ency to accumulate in the center of the anaphase nucleus. This behavior sug¬ 
gests a more primitive condition than that found in such species as Entamoeba 
muris and Endamoeba blattae. 


SUMMARY 

The interphase nucleus of Entamoeba gingivalis consists of a thin layer of 
irregularly beaded peripheral chromatin, minute periendosomal granules, and 
a central endosome composed of several granules in a close cluster. 

Mitosis begins with an enlargement of the nucleus, followed by a condensa¬ 
tion of periendosomal granules and a breaking up and dispersal of the endo¬ 
some. The central granular mass gradually loses its stainability; hence the 
only stage which might represent a metaphase appears as a pale nucleus with¬ 
out clearly defined chromatic bodies. Therefore the details of changes between 
prophase and middle anaphase have not been observed. The late anaphase 
consists of an elongated nucleus with two groups of chromosomes connected 
by fibers which cross in the center of the nucleus. Peripheral chromatin, vari¬ 
able in quantity during the prophase, is reduced in the anaphase, and generally 
is restricted to a band in the middle periphery of the dividing nucleus. Com¬ 
plete division of the nucleus occurs before the cytoplasm divides, and the 
nuclear membrane remains intact during mitosis. There is no evidence of een- 
trioles, astral rays, polar caps, or an intradesmose. Chromosomes are appar¬ 
ently derived from the periendosomal granules, but the function of the 
endosome has not been determined. The number of chromosomes seems to be 
five. 
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PLATES 


Figures 1-11 reiire&<‘ut ontiro colls of Eniamoela gingivahs. The dark bodies 
in the c 7 to])lnsin are leucocyte nuclei wliieh liavo been ingested, and which are 
in various stages o f digestion. All were fixed in Iloidenhain’s Susa fluid; figures 
1-9 were stained in Ilcidcnliam’s iron hematoxylin, and 10-11 were stained in 
Harris^ alum homatoxylin. The drawings wore made with the aid of a camera 
lucida. Magnification, x 3500. 

Fieuies 12-41 ropresciil nuclei only ot‘ Eniemoeba gmgwalis. Figures 16,37, 
38 were fixed in Schaudinn’s fluid containing 5 per cent glacial acetic acid, and 
were stained in Ilcidenhain^s iron hematoxylin,* 4.1 was fixed in Heidenhain’s 
Susa fluid and stained in TTarris’ alum hematoxylin. All the rest were fixed in 
Heidenhaiu^a Susa and stained in iron hematoxylin. Magnification, x 7700. 



PLATE ^6 

Pig. 1. Interphase sbotring mngle jsndosomal granule and granular peiien- 
dosomal granules. 

Pig. 2. Interphase Tritb. endosome composed of 5 granules. Periendosomal 
material not visible. 

Pig. 3. Early propbase with condmisug periendosomal granules. . 

Pig. 4. Interpbase rntb large endosome composed of several grantiles, and 
mtb a large blob of peripheral c^omatin. 

Pig. 5. Interpbase vritb two blobs of peripheral chromatin. ^ 

Pig. $. Propbase showing condensation of periendosom^ granules and their 
intermingling with endosomal granules, 

Pig. 7. Prophase showing strands connecting central chromatin granules to 
periphery of nuelens. 





PL4T1] 27 


Vig S Lite 1)101 )lns( llitdnomitin iiidstniidsln\( begun to])iU 
Tig 9 Iclopliise with the two dmglitd nueki useinlihng stigts belwedi 
piophise md nnplnse 

J^'ig 10 Telopliise lietoie e^iophsmie eoustiution 
Pig 11 relopliist showing c^tophsiuu (onstiietioii 
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[NOBLE] PLATE 27 




PLATK 28 


Fi{». 12. Typical intcrpliaao uucloua. 

Figs. 13-17. Early propliase allowing coiuloiisation of pcrioiuloaoiiial gran¬ 
ules and separation of ondosoiiial graniileh. 

Figs. 18-23. Later projiliaae showing intermingling of periendosoinal gran¬ 
ules with those of the endosome. 

Fig. 24. Unusual formation of separate idiochroiiiaiin on the left, and en- 
dosomal material on the right. 

Figs. 25-31. Later prophase showing variations of the central mass. Fig. 2(i 
shows a large lateral bloh of peri])hernl chromatin. The central chromatin mass 
gradually becomes pale as its granules are dispersed. 




PLATK 20 


Figs >2-)^ Liitt |)ioj)lhist V (oiitiuiutioii of (li,uig(s js shown <il the end 
ot |)lato2S 

Figs Ldti piojdi is( Ociiti il (hiomatin gi uiuks hicomt loss numti 

oils, scathMtd, pak,and(oniieitcd l)> ciissciossfilnib 

Figs. ]7~39 Metapli]ialo stiaiids witlumi louspuuous 
gianules 

Figs. 40-41 Late anaphase Fibeis connecting the two gioups ot chiomo 
somes eiosfa in the middle ot Ihe nucleus Penpheial chiomatin peisists at the 
eentei 
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[NOBLE] PLATE 29 
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CELL DIVISION IN ENTAMOEBA GINOIYALIS 


BT 

ELMEB E. NOBLE 

Little agreement is found in the published literature eoneeming the details 
of the process of mitosis in Entamoeha gingivalis. The nuclei are small, and 
division stages are difficult to find and to recognize in the usual smear prepara¬ 
tion. The present investigation attempts to add more details to our knowledge 
of the mitotic process and nueelar cytology of this common protozoan parasite 
of the human mouth. 

TECHNIQUE 

Amoebae were obtained in direct smears from the mouths of six students and 
faculty members. Smears were treated with Schaudinn’s, Heidenhain’s Susa, 
or Gilson-Carnoy fixatives, and were stained in Heidenhain’s iron hematoxylin 
or in Harris’ alum hematoxylin. Following the suggestion of Stabler (1932), 
the writer tried using different percentages of glacial acetic acid in the Schau¬ 
dinn’s fluid. The “typical” appearance of the nucleus was obtained after add¬ 
ing 5 per cent acetic acid to the fixative. The Peulgen reaction, with 0.02 per 
cent indulin as the counterstain, was employed in an effort to determine the 
origin of chromosomes. 


THE RESTING PHASE 
(PI. 26, figs. 1,2,4, 5; pi. 28, fig. 12) 

The interphase nucleus varies considerably in its appearance. A typical resting 
condition is here described as found in smears stained in Heidenhain’s iron 
hematoxylin after Heidenhain’s Susa fixative. Peripheral chromatin is thin 
and occurs irregularly as blobs or beads against the inner wall of the delicate 
nuclear membrane. Chromatin is sometimes absent from one side, and the 
boundary of the nucleus is consequently difficult to distinguish there from the 
adjacent cytoplasm. A large blob of peripheral chromatin is frequently ob¬ 
served (pi. 26, fig. 4), apparently formed by fusion of much of the normal 
peripheral material, for when it is present the rest of the peripheral chromatin 
is generally thinner than usual. On these occasions the endosomal granules are 
often more widely separated than in the majority of truly interphase nuclei; 
hence the formation of such a blob would seem to be associated with the begin¬ 
ning of the prophase. 

The periendosomal granules are minute, occupying all the zone between ‘ 
the peripheral chromatin and the endosome; but they are generally more con¬ 
centrated about midway between these two areas. These granules may be 
evenly spaced or may be clustered to form irregular, pale gray patches. 

The endosome consists of several deeply staining granules in the center of 
the nucleus and imbedded within a lighter matrix. Occasionally it is sub¬ 
central in position. Three or four granules of slightly different sizes are usual. 
A clear halo around the endosome is sometimes evident. Clearly defined radial 
threads from the endosome to the periphery were seldom observed. When 
present (in heavily stained material), the radii usually project from the endo- 
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some for a short distance, then disappear in the nucleoplasm before reaching 
the peripheral chromatin. There is no evidence of a centriole. 

When other techniques are employed, the nuclear stnictures assume more 
varied aspects. With Schaudinn’s fluid containing f) per cent acetic acid, the 
resting nucleus appears much the same as that described above except that the 
large lateral blob of peripheral chromatin is not common and the endosome 
granules are more compact. With Schaudinn’s fluid containing less tlian 5 per 
cent acetic acid, the endosome usually appears as a single central granule. 
With 20 per cent acetic acid, the nucleus is apparently rendered less capable of 
taking the stain (iron hematoxylin), for both peripheral chromatin and endo¬ 
some are frequently observed to be pale even in heavily stained material. The 
peripheral chromatin sometimes does not stain at all, making the whole 
nucleus difficult to locate in the cytoplasm. The endosome in these slides is 
generally composed of three or four distinctly separated granules. The cyto¬ 
plasm is more vacuolated than after llie fixative with 5 per cent acetic acid. 
It is of interest to note that, after using 20 per cent acetic acid in Schaudinn’s 
fluid. Stabler (1932) found the endosomes of trophozoites and cysts of Endo- 
Umax nana lose their stainability; and Wenrich (1937) observed the same 
phenomena in cysts of lodamoeba butschlii. 

When smears are fixed in Gilson-Carnoy fluid, tlie cytoplasm is vacuolated, 
more shrinkage occurs than wixh Schaudinn^s or Ileidenhain^s Susa fixatives, 
and the endosome normally appears as a single solid granule. With the Peul- 
gen nucleal reaction, the peripheral chromatin is negative and always takes the 
CQunterstain. The periendosomal chromatin is seldom distinct enough to be 
discerned, but occasionally it appears to be pale pinlc, indicating a positive 
reaction. The endosome is either definitely positive (red) or not clearly visible. 
Harris’ alum hematoxylin (after Schaudinn’s fluid plus 5 per cent glacial 
acetic acid) gives a picture somewhat similar to that obtained by the use of 
iron hematoxylin after Schaudinn’s fluid plus 20 per cent acetic acid, but the 
peripheral chromatin always appears distinct as a narrow circle in the former 
stain. No large blobs were obseived, and the endosome appears as scattered 
granules, frequently three in number but often more numerous. The more 
compact the endosome the less distinct the periendasomal zone. 

The cytoplasm has been adequately described by several writers (Kofoid 
and Swezy, 1924a; Child, 192C) and repetition here is unnecessary. No corre¬ 
lation appears between the number of ingested leucocyte nuclei and the stage 
of mitosis, except that the larger amoebae are more frequently found dividing 
and the larger amoebae generally contain numerous leucocyte nuclei in various 
stages of digestion. Small amoebae are commonly observed without leucocyte 
nuclei, and enucleate forms are occasionally encountered. The amoeba aver¬ 
ages 15/x in diameter (range, 8 to 50), and its nucleus averages 3.5 /a in diameter 
(range, 1.8 to 6.0). 

THE PROPHASE 

(PI. 26, figs. 3,6, 7; pi. 27, fig. 8; pi. 28, figs. 13-31; pL 29, figs. 32-36) 

Most of the nuclei observed in the process of mitosis were in the prophase, 
indicating that this phase of division is of relatively long duration. Earliest 
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indications of the prophase are enlargement of the nucleus and clumping of 
periendosomal granules, followed by a dispersal of the endosome. Periendo- 
somal granules gradually become clustered about the endosome granules. 

Peripheral chromatin varies considerably in its behavior during the pro¬ 
phase. In many nuclei it changes very little from the resting appearance. In 
others it is more irregularly distributed, often becoming jnore heavily con¬ 
centrated on one side (pi. 26, figs. 3, 7; pi. 28, fig. 26; pi. 29, fig. 33). As the 
prophase continues, the scattered endosomal and the concentrated periendo¬ 
somal granules together form a large irregular mass in the center of the 
nucleus (pi. 28, figs. 22-31; pi. 29, figs. 32-33). Because both the endosome and 
chromosomes have the same staining reactions with hematoxylin and with the 
Feulgen technique, a distinction between early chromosomes and endosomal 
products is difficult at this stage. In some nuclei, however, the endosomal 
granules become less distinct and more circumscribed than usual and can 
thus be distinguished from the developing chromosomes (pi. 28, fig. 24). This 
difference in appearance may be related to a difference in function. 

Plate 27, fig. 8, and pi. 29, figs. 34-36, are considered to represent late pro¬ 
phase. In this period the central chromatin granules become less numerous, 
pale, and scattered; and they appear to be connected by crisscross strands. 
Similar-appearing nuclei have been called “anaphase” by Stabler (1940) in 
his paper on mitosis in Entamoeba gingivaUs. Similar figmres of E. histolytica 
were labeled “prophase” by Kofoid and Swezy (1925) andbyKofoid (1927). 
Stabler’s last prophase (his figure 4) could easily be confused with.his first 
anaphase (fig. 5). The chief difference between the two lies in the peripheral 
chromatin. The latter, however, has been shown to be exceedingly variable 
during the prophase. 


THE METAPHASE 

(PI. 29, figs. 37-39) 

No stage was observed which could unquestionably have been called a meta¬ 
phase. Most nuclei which suggest the metaphase are slightly oval in shape, are 
pale, and have scarcely discernible fibrils, which often lie parallel to the long 
axis of the nucleus. These nuclei contain no heavy granules and their periph¬ 
eral chromatin is thin. They would have been identified as poorly stained 
resting nuclei were it not that the other cellular stnictures in each amoeba 
were normally stained. One such nucleus (pi. 29, fig. 39) was observed to 
possess five pale strands, each with a slight, pale, central enlargement. But 
the parts were too indistinct for indisputable identification. 

Hence it appears that between the prophase and anaphase of mitosis the 
nuclear elements become either achromatic or so finely divided that the stained 
granules are rendered indistinct. No evidence of polar caps, an intradesmose, 
or astral rays was observed. It is significant that Stabler also was unable to 
find an obvious metaphase in this amoeba. Probably a typical metaphase does 
not exist. 
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THE ANAPHASE 

(PI. 29, figs. 40-41) 


Early anaphase stages have not been identified. It is possible that the meta- 
phase overlaps the anaphase. In late anaphase the chromosomes and fibers 
become aligned in the center, parallel to tlic long axis of the nucleus. No 
typical spindle is evident, but each group of chromosomes lies against the 
elongated nuclear membrane, and they remain connected by fibers which cross 
at the center of the nucleus. 

In the anaphase stage peripheral chromatin becomes thin, especially at the 
poles of the elongating nucleus, but it persists as a slightly thickened band 
around the middle. In optical section this band appears as two dark stripes 
opposite each other in equatorial position. Stabler (1940) has described addi¬ 
tional stainable material in the center during late anaphase and early telo¬ 
phase. 

The chromosomes are difScult to distinguish because of their small size and 
their manner of formation and separation. Their number appears to be five. 
Five distinct chromatin bodies have often been observed in the center of the 
nucleus, in slides stained in iron hematoxylin and in the Peulgen preparations. 
But these bodies were probably the endosome in early prophase stages before 
condensation of periendosomai granules (pi. 28, figs. 17, 23, 27). The clearest 
evidence for five chromosomes is found in late anaphase. Child (1926) de¬ 
scribed six chromosomes, and Stabler (1940) described five in Entamoeba 


THE TELOPHASE 


(PI. 27, figs. 9-11) 


Early telophase stages have not been observed. Later stages show two com¬ 
pletely separated nuclei in a cell which has not commenced cytoplasmic divi¬ 
sion. The cytoplasm then divides to produce the two daughter cells, each with 
one of the new nuclei. Stabler (1940) has described an early telophase during 
which the two daughter nuclei are connected by a filament. 


DISCUSSION 

Generative chromatin (idiochromatin) in Entamoeba gingivalis appears to 
be confined to periendosomai granules. A similar condition has been described 
for other parasitic amoebae (see Kofoid and Swezy, 19246, on Karyamoebina 
falcata; Kirby, 1927, on Endamoeba dispa/rata; Meglitsch, 1940, on Enda- 
moeba blattae; Wenrich, 1940, on Entamoeba m^lris). But Kofoid and Swezy 
(1925) and Uribe (1926) stated that in Entamoeba histolytica the chromo¬ 
somes are derived from the periendosomai chromatin and the peripheral 
chromatin. Child (1926) also described a dual origin of chromosomes in E. 
gingivaVis, The Peulgen definitely negative reaction of the peripheral chro¬ 
matin, however, would seem to suggest that this chromatin plays no part in 
ehrotoosome formation. 

If we restrict the definition of kinetochromatin to that chromatin wWch 
constitutes the division center (centriole) or its product, the centrodesmose. 
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Entamoeba gingivalis has no visible kinetochromatin. Neither centrioles nor 
astral rays are produced. This condition raises the question of the function of 
the endosome. The Feulg:en technique colors both periendosomal granules and 
the endosome red. Hence the endosome and its surrounding granules may be 
assumed to contain thymonucleic acid. Wenrich (1940) found that in E. muris 
the endosome could be distinguished from periendosomal granules by the use 
of haemalum. Tliis stain colored the granules, but the endosome was negative. 
In E, gingival is, however, no marked distinction of this nature was observed by 
the writer (using Harris’ alum hematoxylin). 

The mingling of endosomal granules with periendosomal granules during 
the prophase might suggest that the endosome takes part in the formation of 
chromosomes. Such a function of the endosome has been described for other 
amoebae (see Chalkley, 1936, on Amoeba proteus). In the foregoing discus¬ 
sion of the prophase of Entamoeba gmgivalis, however, evidence of the func¬ 
tional separation of endosomal and periendosomal granules was presented. 
Wenrich (1940) found that in E. muris the endosome gives rise to an intra- 
desmose and to strands to which the chromosomes are attached. This function 
of the endosome was also described by Kofoid and Swezy (1925) and by Uribe 
(1926) tov E. histolytica, WenviQh (1940) suggested that the endosome might 
be related to the kinetoplast of the Trypanosomatidae and the Cryptobiidae. 
In species of amoebae, however, in which the endosome does not form a division 
center this relationship is not evident. If, in addition to thymonucleic acid, 
the endosome also contains some plastin material, its function may be to aid 
in the formation of chromosome sheath substance, as has been suggested for 
the endosome (karyosome> of the M 3 rxosporidia (Noble, 1944). The endosome 
may play a role in the exchange of energy and materials between parts of the 
nucleus and between the nucleus and cytoplasm during mitotic division. 

The localization of peripheral chromatin (trophochromatin) in the central 
periphery of the elongating anaphase suggests the interzonal material of 
Endamocba blattae (Morris, 1936; Meglitsch, 1940) and that of Entamoeba 
muris (Wenrich, 1940), In the latter species this material takes the form of a 
second set of “chromosomes.” Wenrich suggested that these second ehomo- 
somes may be fundamentally equivalent to nucleolus-like bodies of Zelleriella 
intermedia described by Chen (1936). The central band of cloudy material in 
the anaphase of E. histolytica as described by Uribe (1926) may represent, at 
least in part, some of the peripheral chromatin, although it may be derived 
entirely from the endosome. 

Peripheral chromatin thus tends to accumulate in the center of the anaphase 
figures of these amoeba. In Entamoeba gingivalis this tendency is relatively 
slight, but in other amoebae it is evidently strong enough to result in much 
detachment from the nuclear membrane, after which this detached peripheral 
chromatin may assume various well-defined forms. 

Thus we find that in several respects the nucleus of Entamoeba gingivalis 
exhibits less complexity than the nuclei of many other species of amoebae. 
First, the metaphase plate is apparently absent. This condition may represent 
an accelerated mitosis during which time the prophase chromosomes divide 
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and separate without heeoniing aligned in an equatorial plate, or it may repre¬ 
sent either a degenerate process or a primitive one. Secondly, if the endosome 
functions only in the exchange of energy and materials between cellular struc¬ 
tures, this function might be considered a fundamental one, and any tendency 
in other amoebae to form a division center would be a secondaiy function of 
the endosome. Lastly, the periendosomal chromatin exhibits only a slight tend¬ 
ency to accumulate in the center of the anaphase nucleus. This behavior sug¬ 
gests a more primitive condition than that found in such species as Entamoeba 
muris and Endamoeba blattae. 


SUMMAEY 

The interphase nucleus of Entamoeba gingivalis consists of a thin layer of 
in'egularly beaded peripheral chromatin, minute periendosomal granules, and 
a central endosome composed of several granules in a close cluster. 

Mitosis begins with an enlargement of the nucleus, followed by a condensa¬ 
tion of periendosomal granules and a breaking up and dispersal of the endo¬ 
some. The central granular mass gradually loses its stainability; hence the 
only stage which might represent a metaphase appears as a pale nucleus with¬ 
out clearly defined chromatic bodies. Therefore the details of changes between 
prophase and middle anaphase have not been observed. The late anaphase 
consists of an elongated nucleus with two groups of chromosomes connected 
by fibers which cross in the center of the nucleus. Peripheral chromatin, vari¬ 
able in quantity during the prophase, is reduced in the anaphase, and generally 
is restricted to a band in the middle periphery of the dividing nucleus. Com¬ 
plete division of the nucleus occurs before the cytoplasm divides, and the 
nuclear membrane remains intact during mitosis. There is no evidence of een- 
trioles, astral rays, polar caps, or an intradesmose. Chromosomes are appar¬ 
ently derived from the periendosomal granules, but the function of the 
endosome has not been determined. The number of chromosomes seems to be 
five. 
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PLATES 

Figures 1-11 roprosont ontiro colls of Britamoeba gi/ngivalis. The dark bodies 
in the cytoplasm aro leucocyte nuclei wliich have been ingested, and which are 
in various stages of digestion. All were fixed in Heidenhain’s Susa fluid; figures 
1-9 were stained an Hoidenhain^s iron hematoxyUn, and 10-11 were stained in 
Harris^ alum hematoxylin. The drawings were made with the aid of a camera 
lueida. Magnification, x 3500. 

Figxires 12-41 represent nuclei only of Bniamoeba gingivahs. Figures 16, 37, 
38 were fixed in Schaudinn^s fluid containing 5 per cent glacial acetic acid, and 
were stained in Heidenhain's iron he'matoxylin; 41 was flxed in Heidenhain^s 
Susa fluid and stained in Harris^ alum hematoxylin. All the rest were flxed in 
Heidenhain's Susa and stained in iron hematoxylin. Magnification, x 7700. 



PLATE 26 

Fig. 1. Interphase showing single endosomal grannie and gianulax perien- 
dosoxnal granules. 

Fig. 2. Interphase with endosome composed of 5 granules. Perlendosomal 
material not visible. 

Fig. 3. Early prophase with condensing periendosomal granules. 

Fig. 4. Interphase with large endosome composed of several grannies^ and 
with a large blob of peripheral chromatin. 

Fig. 6. Interphase with two blobs of peripheral chromatin. 

Fig. 6. Prophase showing condensation of penendosomal granules and their 
intermingling with endosomal granules. 

Fig. 7. Piophase showing strands connecting central chromatin granules to 
periphery of nucleus. 
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PLATE 27 


Fig 8 Late pioplMsc Tlu chiomatiii«nidstiaiidslui\t begun to ]m1( 

Pig ^ Tilopluso 'v^ith the two diughtd iiutloi lesciiibhng stages between 
piophase and uiapb is( 

Fig 10 Teloplube Intoie t^topl isniK toasliitlion 
Fig n Telophase showing c^toplasmu (oustiictioii 



[NOBLEH PLATE 27 


UNIV CALIF PUBL ZOOL VOL 53 




PLATK 12K 


Fijy. 12. Typicfll intc*rpliaso nneloiia. 

Pifts. lH-17. Early prophaho showiupf eonclciiHation of poricudofioiual gran¬ 
ules and sei)iiration of emlosomnl graniiloa. 

Figs. 18-28. Later pro])lia8e showing intermingling of ])erieiul()Homal gran¬ 
ules with those of the cndoaoine. 

Fig. 24. Unusual formaiion of sepaiate iclioehvoinatin on the left, and on- 
dosoiual material on the right. 

Figs. 25-31. Later propliaae showing variations of the central mass. Fig. 2(1 
shows a largo lateral blob of peripheral chromatin. The central ehroinatin mass 
gradually becomes pale as its granules aie disi)ersed. 




PLATE 29 

Figs. 32-33. Late prophase. A continuation of changes as shoTO at the end 
of plate 28. 

Pigs. 34-36, Late propliase. Central chromatin granules become less numer¬ 
ous, scattered, pale, and eoiiiiccted by crisscross fibers. 

Pigs.37-39.Metapliase (?) showing pale strands without conspicuous 
granules. 

Pigs. 40-41. Late anaphase. Fibers connecting the two groups of chromo¬ 
somes cross in the middle of the nucleus. Peripheral chromatin persists at the 
center. 
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A MORPHOLOeiCAL AlO) BIOCHEMICAL STUDY 
OE LAMPBEUSH CHEOMOSOMES 
OP VEETEBEATES 

BT 

EB-WAED O. DOBSON 

INTRODUCTION 

In the devislopmeent of telolecithal primary oocytes of vertebrates, the cbro- 
mosomes develop many side loops, because of which they have been called 
lampbrush chromosomes. In the present study an attempt has been made to 
clarify the mode of origin of these loops, the chemical nature of the lampbrush 
chromosomes, their relationship to other types of chromosomes, and their 
probable function. 

The earliest observation of lampbrush chromosomes was made by Flemming 
(1882), who used Siredon material. He noted that the chromosomes of grow¬ 
ing eggs appeared “star-like” in cross section. Rabl figured these chromosomes 
in his paper of 1885, but he did not comment upon them. 

In 1887 Otto Schultze published a study of lampbrush chromosomes in the 
amphibians Triton oristatus, Sana fusca, and Siredon. He noticed that the 
chromosomes lost their stainability, and hence their visibility, progressively 
during lampbrush formation, and that the nucleoli simultaneously became en¬ 
larged, then vacuolated, and finally broke up into fragments, some of which 
were filiform. His interpretation was that lampbrush formation led to destruc¬ 
tion of the chromosomes and that more chromosomes were formed de novo 
from nucleolar material. 

Riiekert’s paper (1892) stiU remains, perhaps, the best descriptive treat¬ 
ment of this subject. Using the elasmobranchs SeylUum, Torpedo, and espe¬ 
cially Pristiums, he divided the history of the chromosomes of the primary 
oocyte into three phases, of which the first two are concerned with the lamp¬ 
brush figure. During the first period, synapsis occurs, and the deposition of 
yolk begins, the growth of the cytoplasm being paralleled by growth of the 
nucleus and chromosomes. The chromosomes first appear as chains of micro- 
somes, which then swell laterally and lose their stainability. He sr^gested that 
this loss of stainability might be caused either by dilution of stainable mate¬ 
rial or by chemical change, but he did not decide between these possibilities. 
Soon loops appear to project out into the nuclear sap from the microsomes 
(=chromomeres), each like a fine chromatid witii its own chromomeres. He 
could not determine whether these loops, which in cross section formed a rosette 
around the main ajris of the chromosome, were formed by oulgrowth from 
the microsomes or whether they were formed from the nuclear sap, but he 
regarded the former hypothesis as more likdy. Neither could he determine 
whether each loop was separate, or whether successive loops were connected 
to one another by unstained portions parallding the main axis of the diromo- 
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some. In describing the chromosomes at this stage, Buckert introduced the 
term “lampbmsh” -which has since then been used to designate them. He 
thought that this structure was probably latent in the ordinary mierosomes. 
After this figure reaches its maximum development, the chromosomes begin 
a reconcentration to the form in which they occur on the first maturation 
spindle. This process, which constitutes Riickert’s second stage, he regarded 
as a simple reversal of the preceding stage. He estimated that the chromosomal 
volume increases several thousandfold in the first period and decreases by a 
comparable amount in the second. It is evident that the chromosomes must 
take up a large amount of nuclear matrix during the first period and release a 
comparable amount of material in the second. This release is made -risible by 
the appearance of many small nucleoli near the chromosomes. Since the lamp- 
brushes disappear before the maturation di-vision, Riickert reasoned that they 
could not be concerned -with heredity. Hence he regarded the lampbrush sub¬ 
stance as being related to “somatic” (= trophic) functions. Most cells carry 
on their principal activity during the resting stage, but the immense growth 
of these eggs occurs during the prophase of the first maturation di-vision. 
Riickert therefore regarded lampbru^ formation as a means of providing 
a highly dispersed chromosomal form during di-vision, a substitute for the 
true resting condition. 

Other authors who have substantiated the work of Riickert include Bom 
(1892), Lubosch (1902), Janssens (1904), Marfichal (1906), Loyez (1906), 
King (1908), and Stieve (1921). MarSchal’s figures are perhaps the best that 
have been published. Only Camoy and Lebrun (1897,1898,1899, and 1900) 
have supported the -vie-wpoint of Schultze. 

Ris (1945) published a descriptive paper on the lampbrush chromosomes 
while the present report was in preparation. His paper is primarily a study 
of the meiotic chromosomes of the grasshopper. He presents evidence that the 
chromomeres of leptotene chromosomes are simply the twists of a minor coil 
on a fundamentally uniform chromonema. The fuzzy appearance of the diplo- 
tene chromosomes he attributes to the development of major coils, the four 
chromatids separating from one another but overlapping centrally to give 
the appearance of a centrally located chromosome -with chromomeres, and a 
surrounding fuzzy area. He believed that this same structure applies to the 
lampbru^ chromosomes and he published one figure of a chromosome of a 
frog (species-unnamed) to support his contention. The photomicrograph, how¬ 
ever, is not clear in the critical central region, so that it is not decisive in 
support of his -vie-wpoint. 

The first experimental approach to the lampbmsh problem was reported 
by Jorgensen (1913) from Goldschmidt’s laboratory. He found that, when 
basophilic, the chromosomes of Proteus and of many other miimals are not 
digestible by trypsin or pepsin, but that the oxyphilic chromosomes (as in 
the lampbrush stage) are readily destroyed by these enzymes. He interpreted 
this as meaning that the protein basis of the chromosomes is protected from 
the enzymes by the nudeic acid in the basophilic stages. Their digestibility 
during the lampbrush stage he regarded as evidence that no nudeic acid is 
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Koltzoff (1938) studied the lampbrush chromosomes using the Feulgen 
method for identification of thymonucleic acid. used included Triton^ 

the chicken, and the pigeon. He found that the chromosomes become com¬ 
pletely negative before lampbrush formation and remain so until the lamp¬ 
brush figure disappears before the first meiotic division. He attached great 
theoretical significance to this negativity, accepting it as proof that nucleic 
acid cannot enter into the composition of the genes. He regarded nucleic acid 
as a protective sheath which covers the chromosomes at times, but which must 
be removed if maximal chromosomal metabolism is to take place. The “geno- 
nema” or gene string he regarded as a gigantic chain molecule in which side 
chains function as individual genes. He thought that this genonema never 
enters into the reactions of the cell, lest it thus alter the hereditary character¬ 
istics, but that it serves as a contact catalyst for synthesis of materials in the 
adjacent karyoplasm. 

Previously, Brachet (1929) had published a study of the lampbrush chro¬ 
mosomes of Band fusca, Triton cristatus, and Salammdra maculosa using the 
Feulgen method. His results were similar to Koltzoff’s. In a second paper 
(1940a), however, he reversed his position. He found that the main axis 
remains Feulgen positive at all times, although the barbs are always negative. 
Tissue used in his earlier studies was fixed in acetic sublimate, whereas that 
for the later work was fixed in Bouin’s fluid, and it is to the difference in fixa¬ 
tives that he attributes the divergent results. 

Duryee (1941) published the results of microdisseetion and chemical ex¬ 
periments on the lampbrush chromosomes of Bana temporaria (= fusca) and 
Triturus pyrrhogaster. Duryee regarded each lampbrush chromosome as “a 
single plastic cylinder, with imbedded granules and attached loops.” In his 
microdissection experiments, each cylinder behaved as a single unit, thus fail¬ 
ing to support the tetrad concept. Within each plastic cylinder, however, he 
found rows of paired ehromioles (= chromomeres ?). He thought that the lamp¬ 
brush filaments arise in the following manner: a single chromiole divides to 
form a pair, but the two remain connected. Now the connecting bar grows 
and is displaced laterally to form a lampbrush loop. In microdisseetion experi¬ 
ments Duryee stretched these chromosomes as much as 810 per cent, but the 
loops did not tend to flatten out: they were simply pulled farther apart. He 
regarded this as proof that the successive loops are not connected to one an¬ 
other. That lampbrush filaments actually are loops was shown by Duryee by 
opening out individual loops with a pair of microdisseetion needles. In his 
chemical experiments he found that the side loops are dissolved by any agent 
producing a pH of 8.4 or higher (see also Kodani’s results). The loops he 
found to be digestible by both trypsin and pepsin, whereas the cylinder was 
digestible by trypsin only. 

Clark, Barnes, and Baylor (1942) have published a study of lampbrush 
chromosomes by means of the electron microscope. They stated that their 
photographs verify earlier descriptions of the lampbrush chromosomes, but 
threads were never seen as loops, although some were branched and re¬ 
branched. None of their photographs was published, and the organism from 
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whicli the chromosomes were obtained was not identified, even as to higher 
group. 

Painter (1940) has reviewed instances of intranndear division and pointed 
out that in the nurse cells of Drosophila the chromosomal abrogates thus 
formed resemble lampbrush chromosomes. More by analogy to these nurse cells 
than by observation or experiment, he concluded that the lampbrush chromo¬ 
somes of vertebrates are aggregates of thousands of chromosomes produced by 
intranuclear divisions. He suggested that the great majority of these are 
sloughed off into the cytoplasm to serve as a substrate for synthesis of cleavage 
chromosomes. In 1942, however. Painter and Taylor published observations on 
the eggs of Bufo stained by the Feulgen reaction and by Unna’s pyronine- 
methyl green method for ribonucleic acid. They found the main axis to be 
Feulgen positive, but the side branches were negative at all times both to the 
Feulgen reagent and to Unna’s mixture. They concluded that, since the side 
branches contain neither of the nucleic acids, the side branches are simply 
lateral expansions of matrix, and have nothing to do with the intranuclear 
divisions of many types of cells. 

Kodani’s work on the salivary gland chromosomes of Drosophila also has a 
bearing on the lampbrush problem (Kodani, 1941, 1942,1946; Calvin and 
Kodani, 1941; Galvin, Kodani, and Goldschmidt, 1940; Goldschmidt and 
Kodani, 1942). On treatment with alkali the chromosomes shorten between 
the discs. Part of the nucleic acid of the discs becomes separated and is pre¬ 
cipitated on the shunken ehromonemata, making them visible. There are never 
more than four ehromonemata visible, so that the salivary gland chromosome 
is basically a tetrad. The disc now appears as a group of chromatic hairs radi¬ 
ating aroxmd the centrally located ehromonemata. A polar view always shows 
8 to 12 of these hairs. It appears that the normal disc is made up of such a 
starlike group of chromatic hairs, together with interstitial nucleic acid which 
is removed by the alkali treatment and deposited on the ehromonemata be¬ 
tween the bands. Thus the alkali-treated salivary gland chromosomes simulate 
naturally occurring lampbrush chromosomes to a remarkable degree. 

MATERIALS AND METHODS 

Ovaries of the salamander Ampkiuma means Cuvier have been the principal 
material for this study; while those of the shark Squalvs suoMeyi GiU were 
used for comparison. Fixatives used include Bonin’s, which gave the best 
results, Zenker’s, Flemming’s, Gilson’s, and Karpechenko’s. Sections were 
cut at 10/t. 

Some of the tissue was stained without special pretreatment, while other 
tissue was treated with the esozymes nuclease, pepsin, or trypsin before stain¬ 
ing. The (thymo-) nudease was at first prepared by the method of Mazda and 
Jaeger (1939). In the hope of producing a more potent solution, this was later 
modified by precipitating the enzyme from the concentrated solution with 10 
volumes of acetone. The dried precipitate was then dissolved in a veronal 
buffer at pH 8.6, following the sn^estion of Levene and Dillon (1938). Mag¬ 
nesium acetate was added in a concentration of 2.5 x 10'*M, in order to pre- 
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cipitate the phosphates released from the nucleotides, as suggested by Edein 
(1932) . Possibly because of the low solubility of the enzyme thus formed, this 
solution was not a marked improvement over the original one. Pepsin was 
used at a concentration of 1 ; 200 in 0.2 per cent HCl, and trypsin at a con¬ 
centration of 1 : 1000 in 0.2 per cent NaOH. Slides to be treated with proteo¬ 
lytic enzymes were coated with celloidin to prevent loss of sections. In all 
digestion experiments, the slides were incubated in the enzyme bath at 38 to 40 
degrees centigrade. 

Stains used included Harris’ and Heidenhain’s hematoxylins with orange G 
as a counterstain, safranin and light green, the Peulgen reagent for thymo- 
nudeic acid, and Unna’s pyronine-methyl green mixture for ribonucleic acid. 
Thousands of eggs were stained by these procedures, using many batches of 
each stain. Attempts were made to stain the chromosomes by means of the 
ninhydrin reagent, Millon’s reagent, and the biuret reagent. All these protein 
tests failed, however, and the failure was attributed to the extremely fine 
dimensions of the lampbrush chomosomes. 

OBSERVATIONS ON AMPHIUMA MEAN8 
NoRMAli Chboiiosombs 

Undigested slides stained in the hematoxylins or safranin give very much the 
classic picture as reported by Riickert and most subsequent writers. Chromo¬ 
somes of the earliest oocytes (leptotene and zygotene) show the usual struc¬ 
ture, with “ultimate” chromomeres upon a very fine thread. In pachytene 
the chromosomes become somewhat thicker, more regular bands, and this 
structure is carried over into early diplotene. 

But soon the diplotene chromosomes assume a bristled appearance, the 
formerly rounded chromomeres now showing short, pointed outgrowths. These 
become apparent in small numbers in cells with a maximum diameter of 70 
to 80jtt, nuclei of which have a diameter of 45 to 50/i. Pew if any nucleoli are 
visible in cells of this size. As the cell grows, these outgrowths become more 
and more numerous, until finally, the chromosomes have one or two such 
bristles on every chromomere. Such a condition is illustrated m figure 1, a, 
which was drawn from a ceU with a total diameter of 140/*, and a nuclear 
diameter of fiOyt*. Here those bristles sometimes occur two to tbe chromomere, 
but there are many parts in which there is only one bristle per chromomere. 
In some of these the bristles all appear on the same side of the chromosome, 
whereas m others they alternate from one side to the other. A large number 
of small nucleoli is visible in such nuclei. Most of them are situated against 
the nuclear membrane, but a few may be seen in the interior. 

As the bristles grow, they rapidly lose their stainability, so that they have 
a rather vague appearance, and their exact outlines are made out only with 
considerable diBSculty. In a nucleus such as that shown in figure 1, b (cell 
diameter 150#i, nuclear diameter 80/*) several stages in the development of 
these pseudopod-like outgrowths may be seen. Some still appear as sharply 
defined bristles, similar to those illustrated in figure 1, a. Others have broad¬ 
ened and increased in length. Their fainter staining has been indicated 
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stippling, while those parts showing the typical intense hematoxylin stain are 
shown in solid black. These pseudopod-like processes may become broad at the 
base and extend out a considerable distance. They usually appear syinmetri- 
cally on opposite sides of a chromosome, though occasionally unpaired out¬ 
growths appear. In cross sections, some of the processes are single, while 
others are paired and symmetrical about the axis of the chromosome. A very 
few are unsymmetrical. A single cross section at the bottom of the figure shows 
four outgrowths. Finally, some of these outgrowths appear to have broken 
through in the center, leaving the loops which are characteristic of later stages. 

Soon these loops acquire a less diffuse appearance, although they still stain 
very faintly. Indeed, they continue to lose in stainability for a considerable 
time. In the nucleus illustrated in figure 1, c (cell ISO/t, nucleus 85/1.), the 
majority of the lateral outgrowths appear as fine threads, although a few are 
still in the diffuse, pseudopod-like stage. Some appear to be in the bristle stage, 
but this may be a result of more advanced processes being cut short in sec¬ 
tioning. Many of the threads appear as loops, while others appear as simple 
threads. It seems probable, especially as two such threads frequently diverge 
from a common point, that all are actually loops, the simple threads being 
artifacts of sectioning. While these loops or other outgrowths often appear 
symmetrically on opposite sides of a chromosome, it may be seen in figure 1, c, 
that often the processes appear on one side only, as was frequently observed 
in nuclei comparable to that of figure 1, a. 

While these changes in the outgrowths are in progress, the main axis of the 
chromosome becomes more slender, and less readily stainable, but hardly to 
the degree which characterizes the outgrowths. Nonetheless, staining is the 
most difficult technical problem in the study of the lampbrush chromosomes: 
stain is extracted from the chromosomes almost as readily as from the nuclear 
background. A comparison of figure 1, a to c, shows that the main axis of the 
chromosomes is rapidly being spun out to a much more slender thread than 
the initial diplotene chromosome. Further, figure 1, a and 6, show no indica¬ 
tions of the doubleness of the chromosomes, whereas in figure 1, c the sister 
chromatids are clearly indicated in several places. At the chiasma in the 
upper part of the nucleus, the theoretically expected four strands are clearly 


Fig. 1, (M, was drawn with the aid of a camera lucida, using an oil immersion lens. The 
proportions for fig. 1, d-f, were determined with a camera lucida and a 43 X lens, the details 
being filled in under oil immersion. AU figures were drawn from Amphmma odcytes. 

a) CeU 140/t, nucleus 80/t. Heidenhain^s hematoxylin. Main axes are rather coarse, bristles 
quite frequent. 

b) CeU 150^, nucleus SO fi, Harris’ hematoxylin. Main axes are becoming finer. The side 
branches are more diffuse, and a few have formed loops. 

o) CeU 150fi, nucleus 86/*. Harris’ hematoxylin. Side branches are clearly loops. Main 
axes diow double, or even tetrad, character in some places. 

d) CeU 300/*, nucleus 140/*. Heidenhain’s hematoxylin. Note the fine caliber of both 
main axes and loops. Cross sections of chromomeres show 4 and 5 attached loops. NucleoU 
are becoming very numerous. 

e) CeU 510/t, nucleus 187/*, Harris’ hematoxylin. Note the extremely fine diameter of aU 
fibers, and the rosettes of loops around cross sections of chromomeres. 

/) CeU 700/*, nucleus 238/*. Harris’ hematoxylin. StainabUity of the chromosomes is re¬ 
turning. Note the many nucleoli in contact with the chromosomes and the increased promi¬ 
nence of the nucleoli. 
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visible. There are other areas also in which the chromatids are clearly visible. 
A small, faintly staining nucleolus may be seen in contact with one of the 
chromosomes in figure 1, c. 

The principal change seen in the chromosomes illustrated in figure 1, d (ceU 
300/*, nucleus 140/*) is the diminishing stainability of the chromosomes. Many 
of the chromosomes—^main axes as well as outgrowths—^are on the very verge 
of visibility. Other chromosomes, however, are still moderately visible, espe¬ 
cially the main axes. In some of the side loops clear chromatin granrdes 
looking like ehromomeres can be seen. In cross sections of such nuclei four 
to eight loops are seen, with a maximum at five or six. In this figure some 
nucleoli may also be seen in contact with the chromosomes. 

With continued development all of the chromosomes reach the condition of 
the least visible ones of figure 1, d. Such a stage is illustrated in figure 1, e 
(ceU 510/4, nucleus 187/i). Here aU parts of the chromosomes can be made out 
only with the greatest difficulty. Witli the exception of rare fragments, the 
chromosomes have only the slightest affinity for the usual nuclear stains. It 
is surprising to find that such nuclei often stain better -with Harris’ than with 
Heidenhain’s hematoxylin. Other than this general reduction of visibility 
almost to the vanishing point, the structure of the chromosomes appears rm- 
ehanged from the preceding stage. This period is characterized by great 
growth in length of the main axes and processes of the chromosomes. 

Coincident with, or slightly before, the first visible deposition of yolk, the 
chromosomes begin to regain their stainability. Lest this be regarded as a 
simple result of reconcentration of the chromosomes, it should be pointed out 
that tibe processes are not only still actively growing out, but they continue 
to for a long time. Apparently some physical or chemical change in the chro¬ 
mosomes is responsible for the increase in stainability. A nucleus at the be¬ 
ginning of this period is illustrated in figure 1, / (cell 700/*, nucleus 238/*). 
The return of stainability is first suggested in somewhat smaller eggs with 
nuclear diameters of about 215/*. Although the illustrated nucleus is appre¬ 
ciably larger than this, only limited parts of the chromosomes, both axis and 
outgrowths, have become readily visible. Most remain very faintly staining 
and can be made out only with great difficulty. The morphological piettire, 
however, differs only in one detail from preceding stages: many small nucleoli, 
some of them faintly staining, may be seen in contact with the chromosomes. 
A few of these are large. In addition to these there is the usual large number 
of nucleoli on or near the nuclear membrane, as has been true since the earliest 
stages. However, there is a progressive increase in size. The nucleoli shown in 
figure 1, a, average 1 to 2 micra in diameter, while those shown in figure 1, c, 
average 3 or 4 micra. 

As deposition of yolk proceeds, the dbromosomes continue to increase in 
stainability, until finally they reach a maximum in cells about the size of that 
illustrated in figure 2, a (cell 1020/*, nucleus 225/*). Here the outgrowths are 
qxdte definite, but the main axes are difficult to discern. One gets the impression 
that they are obscured by the many outgrowths. In a few sections everything 
remains hazy. The nxunber of smaE nucleoli in contact with the chromosomes 
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has now become immense. The peripheral nucleoli include some as large as 
6 or 7/* in diameter. Several points should be noted with respect to the side 
loops. First, the majority of them do appear as loops rather than single fibers, 
so that it seems justified to regard the appearance of single fibers as accidents 
of sectioning. Second, a chromomere-like structure is visible on some of the 
loops. Third, the loops vary considerably in size, the smallest extending only 
about 3/t from tibie main axis, whereas the largest illustrated extend 10 or 12^. 
Others (not illustrated) have been observed to fade into the nuclear back¬ 
ground as much as 20jii away from the main axis. Lastly, it may be noted that 
several cross sections here show five loops radiating from a single point. 

Fetjlgen PbBPAIU.TION’S 

Figure 2, h, the first in the Feulgen series, is included primarily for its bearing 
on stretching experiments. Usually the cytoplasm puUs away from the nucleus 
during fixation of these eggs, which are penetrated only slowly by most fixa¬ 
tives. This figure (cell 140/t, nucleus 60/x) shows a chromosome, part of which 
is stretched between the main part of the nucleus and a small part of the 
nuclear membrane which remained attached to the cytoplasm. Two segments 
of this chromosome were stretched more than 300 per cent. Reference to the 
figure will show that, while the chromomeres in the stretched regions are 
slightly compressed and elongated, most of the stretching has occurred in the 
fiber between the chromomeres. This fiber shows the Feulgen color quite 
clearly, so that evidently nucleic acid is not confined to the chromomeres, but 
is a component of the whole chromonema. 

The pseudopod-like processes which are the earliest foreruoners of the lamp¬ 
brush structure are Feulgen positive, as indicated in figure 2, c (cell 70/*, 
nucleus 50/t). As reproduced in black and white, such a figure could be inter¬ 
changed with a Heidenhain preparation of comparable stage, save for the 
more clear-cut picture given by the Feulgen reaction. The pseudopod-like 
processes show all of the characteristics described above for preparations 
stained by the traditional methods. At the ends of the large pair of chromo¬ 
somes in this figure, the sister chromatids can be made out. At the chiasmata, 
however, Ihey are completely synapsed, so that there is no visible evidence of 
the quadripartite structure which must be present. 

At a somewhat later stage as represented in figure 2, d (cell 160/t, nucleus 
75/t), the Feulgen positive material is restricted to the bases of most of the 
processes, only a few being stained at any considerable distance from the mam 
axis of the chromosome. Thus the diminished afiRnily of these processes for the 
hematoxylins is paralleled by an actual loss of thymonueleic acid. Evidence 
will be presented below as to the chemical basis for this phenomenon. A strik¬ 
ing feature of this stage is the frequent occurrence of large accumulations of 
thymonueleic acid along the main axis of the chromosomes, one of which is 
illustrated in this figure. In general, however, Ihe main axes of the chromo¬ 
somes are characterized by a steadily decreasing diameter. 

If only the Feulgen positive elements are shown, then the chromosomes of 
figure 2, e (cell 220/*, nucleus 90^) are substantially the same as those of figure 
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Figme 2. (For an explanation of this fignrOj seo bottom of facing page.) 
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2, d. Processes, with a few exceptions, are positive only at their bases. The 
main axes are generally very fine, hut include some large accumulations of 
chromatin. But unstained loops can be made out at many points, so that these 
chromosomes, if stained in Heidenhain’s, would appear much like those illus¬ 
trated in figure 1, c. These loops appear to contain no thymonucleic acid. 
The chromosomal segment illustrated between two chiasmata is noteworthy 
for two reasons. First, it is much more heavily laden with chromatin than are 
other parts figured, but nonetheless this nucleus contains no chromatin mass 
so large as that illustrated in figure 2, d. Second, although this segment gen¬ 
erally appears single, its composite character is clear at several points, a maxi¬ 
mum of three fibers being visible. 

Throughout the remainder of their development, the lampbrush filaments 
remain Feulgen negative, except for their bases, which are frequently, but not 
always, positive. The main axes, however, remain positive, and become exceed¬ 
ingly slender, as may be seen in figure 2, f (cell 300/x, nucleus 130/t). Some 
extensive parts of these chromosomes appear as double rows of exceedingly 
small chromomeres. A row of eight of the chromomeres was found to be 7.2jti in 
length, hence, neglecting the spaces between chromomeres, each chromomere 
has a length of 0.9/i. The width appears to be about half of the length. Thus 
these structures are very near the limit of visibility. These measurements were 
made with a Bausch and Lomb ocular micrometer which had been standard¬ 
ized against a Bausch and Lomb stage micrometer. Comparison with figure 
2, i, or even with figure 2, d, will reemphasize the extremely small dimensions 
of these chromomeres. Some larger chromomeres remain, however. In earlier 
figures, the sister chromatids have been so closely synapsed that they have 


Fig. 2f d-m, was drawn with the aid of a camera Incida, using an oil immersion lens. The 
proportions for fig. 2, a, were determined with a camera lucida and a 43 X lens, the details 
being filled in under oil immoision. All figures were drawn from Amphiuma oocytes. 

a) Cell 1 020 / 1 , nucleus 255/a. Hoidenhain’s hemato'cylin. This figure represents the maxi¬ 
mum development of the lampbrush chromosomes. 

h) Cell 140/a, nucleus 60/a. Feulgen. Note the great stretching of the chromonema, and 
slight deformation of the chromomeres, in the stretched chromosome. 

o) Cell 70/a, nucleus 50/a. Feulgen. The bristles are Feulgen positive. Sister chromatids 
can be made out at some points. 

d) Coll 160/a, nucleus 76/a. Feulgen. Note the fine diameter of the main axes. Only the 
bases of bristles are positive. One chromosome includes a very large accumulation of 
thymonucleic acid. 

e) Cell 220/a, nucleus 90/a. Feulgen. Characteristics are much as in figure d, but the 
chromatids are visible between the two chiasmata. 

f) Cell 330/a, nucleus 130/a. Feulgen. Chromatids are clearly visible as rows of very fine 
chromomeres, on some of which fine bristles may be seen. 

g) Cell 400/1, nucleus 150/a. Feulgen. Note the two chiasmata with a nearly complete 
intemode between them. 

h) Cell 650/a, nucleus 200/a. Feulgen. Chromosomes are not substantially different from 
those of figure /. 

i) Cell 720/a nucleus 230/a. Foulgen. Chromosomes are much like those of figure 2. /, g, 
and h, although a comparable cell stained in hematoxylin would show a return of stainaoility. 

$) Cell 860/t, nucleus 270/t. Feulgen, The main axis is now somewhat thicker, but only the 
bases of the loops are Feulgen positive. 

lo) OeU 850/a, nucleus 300/a. Feulgen. Note the chiasma, in which 3 of the expected 4 
strands are visible. 

l) Cell 1020/a, nucleus 280/a. Unna. Loops are faintly stained, but the main axes are 
negative. 

m) Cell 1300/a, nucleus 315/a. XJnna. Loops aro definitely stained. Main axes may be stained 
at some points, but very faintly. 
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not been resolvable except for a few short segments, but here they appear 
clearly, even widely, separate for long distances. IntemodaJ parts of the 
homologues are now so widely separated that ono frequently sees in the sec¬ 
tions only one member of the pair. Their actual status as synapsed homologues 
is made apparent only by the occasional appearance of chiasmata. 

Figure 2, g (cell 400/t, nucleus 150/i) does not show any substantial change 
from the condition just described. It includes, however, two chiasmata with a 
very nearly complete internode between them. At one of these chiasmata, all 
four threads are clearly visible, and their arrangement at the chiasma is as 
expected on the basis of the chiasma-type theory. The difficulties of visibility 
which Heidcnhain or other traditional preparations present at this stage are 
not experienced with Feulgen preparations. The strands become exceedingly 
fine, but the main axes give a definite Feulgen reaction and contrast dearly 
with the background at all stages. 

As nuclei of 200/* are substantially similar to those of 150/t in Ileidenhain 
preparations, it is not surprising that the chromosomes of figure 2, h (cell 
650/t, nucleus 200/t) show no marked difCerences from those of figure 2, g, in the 
Feulgen series. But it is surprising to find this true also of figure 2, i (cdl 
720/t, nudeus 230/i), for such a nucleus would show a definite return to stain- 
ability in a hematoxylin preparation. Nonetheless, the Feulgen stained chro¬ 
mosomes do not look essentially different from those of the much smaller 
nudei represented in figure 2, f to h. 

As hematoxylin preparations show strongly staining chromosomes with 
large dear loops in nuclei of cells with a wdl-advanced deposit of yolk, it is 
of interest to note that the Feulgen picture of such nudei is far less changed 
from preceding stages than might have been expected. Figure 2, j (cell 850/t, 
nudeus 270/<) shows that the main axis is considerably coarser than in pre¬ 
ceding stages, but hardly to the degree which might be expected on the basis 
of hematoxylin preparations. Further, although the side loops are striking 
in hematoxylin preparations at this stage (see fig, 2, a), only the bases of the 
loops, and perhaps not of all loops, are Feulgen positive. These same conditions 
still apply to the chromosomes illustrated in figure 2, h (cell 850/*, nudeus 
300/*). None of these diromosomes is coarse enough to be compared to the early 
stages in their development, as illustrated, for example, by figitre 2, c. One very 
slender chromosome shows a chiasma with three of the expected four strands 
visible, although at other points along the length of this chromosome there is 
no visible evidence of doubleness. The other chromosomes illustrated in this 
figure are somewhat thicker, but they include parts in which sister chromatids 
maybe seen side by side. Loops are still negative except at their bases. 

Needless to say, nucleoli are negative in all Feulgen slides. The Feulgen 
positive granules which Painter and Taybr (1942) have reported to be the 
centers of organization for nucleoli in eggs of Bufo were not observed in eggs 
otAmpMuma. 
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Unna Peeparations 

Brachet (19406) has shown that the pyronine component of Unna’s pyronine- 
methyl green mixture may be regarded as specific for ribonucleic acid. This 
stain is less satisfactory than the Feulgen reaction, not only because its chemi¬ 
cal basis is unknown, but also because it is a pale stain which does not stand 
out sharply on slides. A series of slides was stained with this mixture in order 
to ascertain whether ribonucleic acid enters into the composition of the chro¬ 
mosomes. 

Very early oocytes (cells of about SOjit with nuclei of about SOju.) are com¬ 
pletely negative to Unna’s stain. In a later stage (ceU 140/t, nucleus 60/t), the 
cytoplasm is positive, but the nucleus is negative. If any nucleoli are present, 
however, they are positive. As the cell grows, this picture is changed only by 
the increase in size and numbers of nucleoli, all of which are positive at all 
stages. The chromosomes remain completely negative until very late in their 
development. Figure 2 ,1 (cell 1020/i, nucleus 280/*) shows a group of chromo¬ 
somes which are so faintly positive that they can be drawn only with great 
difficulty. Somewhat earlier nuclei give one the impression that stained ma¬ 
terial is present, but so faint that drawing is impossible. The stain is largely, 
perhaps entirely, confined to the side loops. 

Figure 2, m (cell 1300/*, nucleus 315/*) shows chromosomes which are plainly 
stained with pyronine. Here again the side loops are the prominently stained 
parts. Some parts of the main axis may be stained, but they are not clear— 
less so on the slides than in the figure. Many small nucleoli may be seen in 
contact with the chromosomes. 

Observations on Nuolease-Digbstbd Tissue 

Feulgen preparations .—^The most important test on nuclease-digested tissue 
is staining by the Feulgen reaction. The results depend on the duration of 
enzyme action. The Feulgen reaction is usually visibly paler on slides digested 
for 24 hours, but much longer periods, usually 48 hours or more, are required 
for the complete removal of thymonueleie acid, as evidenced by a negative 
Fuelgen reaction. In these experiments, digestion time ranged from a few 
hours up to 96. The most resistant stages are those early ones in which large 
masses of chromatin occur. Thus only prolonged digestion, over 60 hours, wiU 
completely remove the thymonueleie acid from nuclei whose diameters are 
under 90/*. But the larger nuclei often are completely Feulgen negative after 
48 hours. By contrast, the very dense nuclei of red blood cells never appear 
completely negative, even in the slides digested for as long as 96 hours. 

Incompletely digested slides differ from undigested controls only in the 
reduced intensity of stain. Every structure described above for undigested 
Feulgen preparations appears in these partially digested slides unchanged 
except for the reduced intensity of staining. Even in slides the Feulgen re¬ 
action of which is on the verge of disappearing there is no sign of alteration 
of the morphology of the chromosomes. In one very young cell (cell 100/*, 
nucleus 60/*), however, the completely negative processes no longer had the 



294 


University of California PuMieations in Zoology 

appearance of pseudopodia, but rather of small loops. The theoretical signifi¬ 
cance of this will be discussed below. 

Unna preparations. —^In order to trace the history of the ribonucleic acid 
in nuclease-digested slides, a series was stained with Unna’s mixture. As all 
slides were completely negative, it was concluded that the nuclease used was 
not pure, but contained a significant amount of ribonuclease as well as thymo- 
nudease. If this assumption is correct, then these results may be regarded as a 
further indication that Unna’s mixture is specific for ribonucleic acid. 

Hematoxylin preparations. —^Attempts were made to stain the chromosomes 
by various chemical tests for proteins, such as tiie ninhydrin test, in the hope 
that these methods would demonstrate the protein skeleton of the chromo¬ 
somes, especially in nudease-digested preparations, as has been done by 
Kodani (1942) and by Mazia and Jaeger (1939). But these tests failed both 
on digested slides and on untreated slides. The failure was attributed to the 
extremely fine dimensions of the lampbrnsh chromosomes. 

Because of the failure of the protein tests, it was hoped that a continuous 
basis for the nudease-digested chromosomes could nonetheless be demon¬ 
strated by the use of iron hematoxylin, as Kodani (1942) has done for the 
nudease-digested so-called lampbrush chromosomes of Drosophila. In order 
to be sure that staining did not depend on residual thymonucleic acid, all 
slides for this experiment were digested for periods in excess of 72 hours. 

All of the structures described above in the section on undigested hema¬ 
toxylin preparations were again visible, although the stain was consistently 
fainter. This applies equally to the main axis of the chromosomes at aU stages, 
to the pseudopod-like processes of the earliest stages and to the loops of the 
later stages. During the stage of minimum visibility (nuclei with diameters 
ranging from lOO/i to about 210/<.) when the chromosomes can be made out only 
with great difficulty in undigested preparations, they are, of course, exceed¬ 
ingly faint in these nudease-digested slides. But they can always be made out 
if optimum optical conditions are used, and occasional nuclei show them well. 

It thus appears that in the lampbrush chromosomes of Amphiuma as well 
as in the salivary gland chromosomes of Drosophila (Kodani, 1942, Mazia 
and Jaeger, 1939) the morphological continuity of the chromosomes is not 
dependent on nucleic acid but on some other substance which the authors 
cited have shown to be protein in the case of the salivary gland chromosome. 
In the absence of evidence to the contrary, one would assume that the conti¬ 
nuity of the lampbrush chromosome also depends on proteins, and evidence 
will be presented below that this assumption is correct 

Obsbevatiois-s on PspsiN-DiGESTBa) Tissue 

HematoxyUn preparations. —Slide were treated with pepsin for periods 
varying from 4 to 24 hours. The reults differed according to the stage of 
development of the e^, but one reult was consistent at all stages; visibiliiy 
was markedly improved, probably because of removal by the enzyme of stain- 
able materials other than the chromosomes. 

In the earliest stages (nuclei up to about 70/Jt) the chromosomes appear as 
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heavy, smooth bands, more suggestive of mitotic chromosomes than of incipi¬ 
ent lampbrush chromosomes. It seems probable, however, that the processes 
have not been digested off as one would expect, but have instead shrunken. 
The reasons for this view will be discussed below. 

In older nuclei (diameters of 70/i to 100/x) the main axes still appear as 
prominent bands, but processes are now visible. They are, however, smaller 
and fewer in number than the processes of undigested chromosomes. This is 
what one would expect, if, as suggested above, the processes are being 
shrunken but not digested off. Once definite loops are formed, they seem to 
remain visible throughout enzyme treatment—^in other words, they are too 
large to blend into the main axis when they shrink under the influence of 
pepsin. 

During the stage of minimum visibility everything appears as in undigested 
preparations, except that the chromosomes stand out more clearly in the 
pepsin-digested preparations. Jorgensen (1913) andDuryee (1941) have re¬ 
ported that the side branches of lampbrush chromosomes are removed by 
pepsin. Some slides at this stage suggest that this may have happened, but 
wherever the chromosomes are clearly stained, the side branches seem to have 
remained intact. In the later stages (nuclei with diameters of 250/t or more) 
the loops are strikingly more prominent in pepsin-digested slides than in any 
other type of preparation. It is plain that there is no digestion of loops here. 
One gets the impression that the threads making up the loops are somewhat 
thicker than those of untreated slides, as though there had been some shorten¬ 
ing and thickening. Because of the extreme fineness of the threads, however, 
one cannot check this impression by accurate measurement. Not infrequently 
one sees a loop which appears to be double, as though it consisted of synapsed 
threads. This appearance might well be produced in other ways, however. For 
example, if the loop should be made up of a single finely-coiled thread, then 
the nodes of the coil might well appear as such double rows. Shrinkage would 
be expected to accentuate such a picture. 

Feulgen preparations .—^As in hematoxylin preparations the processes are 
absent or few and reduced in the earlier stages in Feulgen preparations. Soon, 
however, the pepsin-digested Feulgen preparations become indistinguishable 
from the undigested Feulgen preparations. At all stages, processes are less 
frequent, indicating that the thymonudeic acid-containing material at the 
bases of the loops has been sufidciently contracted that it no longer shows up 
distinctly from the main axis of the chromosomes. Sections in which the chro¬ 
matids diow up separately are less frequent than in undigested slides, and 
this may also be the result of dirinkage. In the largest nuclei no difference 
whatever can be detected between the Feulgen preparations of pepsin-digested 
and control slides. 

Observations on Tbtpsin-Digested Suides 

Hematoxylin preparations .—Slides were digested in trypsin for periods 
varying from 4 to 12 hours. The results vary from minor destruction after 4 
hours to complete destruction of the sections after 12 hours digestion. For any 
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period of digestion the youngest eggs are the ones most badly damaged, and in 
slides digested more than 6 hours ova under 100/t in diameter are rarely seen. 

Both loops and main axes are destroyed by trypsin. Although the loops 
disappear while the main axes are still clear, there is no evidence that the 
loops are more susceptible to digestion by trypsin than are the main axes of 
the chromosomes. Loops are still visible, though incomplete and less frequent, 
long after the axes show evidence of having been attacked. Thus it appears 
that the loops disappear sooner than the axes simply because their dimensions 
are finer. 

It should be noted that the cytoplasm is usually extensively digested before 
the nuclei show the efiEects of trypsin digestion; and that the nucleoplasm is 
badly damaged while the main axes of the chromosomes appear fairly well 
intact. Thus it appears that, while the chromosomes are in time completely 
destroyed by trypsin digestion, they are rather resistant as compared to 
other structures of the cell. In this respect, Koltzofif (1938) may well have 
been right when he referred to nucleic acid as a protective coating on the 
chromosomes, for the more basophilic parts of the cytoplasm also resist 
trypsin digestion longer than do the other parts. As cytoplasmic basophilia 
is probably caused by ribonucleic acid, as shown by Unna staining, it seems 
probable that protection of proteins with which they are conjugated against 
trypsin digestion is a general properly of nucleic acid. 

Feulgen preparations. —The Feulgen picture in trypsin-digested material 
parallels the hematoxylin picture in much the same way that Feulgen prepa¬ 
rations of undigested chromosomes parallel hematoxylin preparations. With 
short periods of digestion the main axes are intact, and a somewhat reduced 
number of barbs (i.e., bases of loops) is visible. With continued digestion the 
main axes are broken into shorter pieces, become reduced in number, barbs 
disapper, and finally the chromosomes disappear altogether. 

One signMeant difiCerence between pepsin-Feulgen and trypsin-Feulgen 
preparations should be noted. At all stages in pepsin-digested tissue, Feulgen 
staining is strictly limited to the chromosomes. After only 4 hours of digestion 
with trypsin, however, a fairly intense staining occurs throughout the nucleus, 
although the chromosomes are much more intensely stained than the nucleo¬ 
plasm. It appears, then, that the nucleic acid is bound to the chromosome by 
a protein which is susceptible to trypsin digestion, but not to pepsin digestion. 
In the late stages of trypsin digestion the nucleoplasm becomes Feulgen nega¬ 
tive. It is not dear whether this means that the nucleic acid diffuses from the 
section very slowly, or that it is precipitated on nudeoplasm proteins which 
are slowly digested away. 

OBSERVATIONS ON 8QUALU8 8U0KLETI 

Semctioxylin preparations.—As in Amphiuma, hematoxylin preparations 
of ova of SqucAus show the dassie lampbrush picture. At aU stages, however, 
the details are less dear so that interpretation is greatly facilitated by compari¬ 
son with AmpMuma. 

The chromosomes of the smallest cell observed (cell 110/t nudeus 45ju) are 
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qtiite similar to those of figure 1, a. The barbs, however, are more numerous 
and coarser. Nucleoli are already prominent, some being as large as those of 
the most advanced Amphiuma nuclei. The cytoplasm is strongly basophilic, 
and remains so throughout the period of development of the lampbrush chro¬ 
mosomes. 

These barbs quickly assume the more diffuse appearance of the pseudopod¬ 
like processes illustrated in figure 1, b, for in a 50/t nucleus (cell 200/i) most 
of the processes have this form. The loss of stainability which accompanies 
this change is less marked than that which occurs in Amphiuma, nonetheless 
the details of structure are less readily observed in Bquodus than in Amphiuma. 
The individual pseudopodia are quite close together, so that they can be re¬ 
solved only with an oil immersion lens. Even this is made difficult by the 
chromatic nucleoplasm. This picture is not substantially changed until the 
nucleus reaches a diameter of about 85/i (cell 340fi), when many of the pseudo¬ 
podia appear to break through in the center, leaving small loops. Such cells 
are similar to figure 1, c, but their appearance is decidedly coarser. A few 
loops may appear in younger nuclei (as small as 70/t), while m some cases 
loops will not appear until the nuclear diameter is about 90^. Meanwhile, 
nucleoli have reached a degree of prominence found only in the largest nuclei 
of Amphiuma. 

In nuclei of 105/i (eeU 470/i.) all of the processes appear to have reached 
the loop stage, and further development is a matter of growth, involving 
very little morphological change. As expected, this process involves a loss of 
stainability of the chromosomes until tliey reach a minimum at which the 
chromosomes have scarcely more affinity for basophilic stains than does the 
nucleoplasm. However, this loss of stainability is much slower than it is in 
Amphiuma, for the chromosomes of nuclei up to 120/* are stiU fairly readily 
visible, and a similar condition was observed in one nucleus of 150/i. Figure 
1, e represents quite well the chromosomal condition of Bqualus nuclei rang¬ 
ing from 130/* up to 230/* (colls 650/* to 2200/*). Throughout this range, while 
the lampbrush loops are becoming ever longer and finer, the chromosomes 
are exceedingly faint, but the typical structure, as illustrated in figure 1, e, 
can always be made out by careM observation and use of optimum optical 
conditions. Throughout this period, the nucleoli remain more numerous and 
larger than those of Amphiuma. 

The first visible deposition of yolk occurs when the nuclear diameter is 
about 240/* and the cell diameter is about 2200/*. Unlike Amphiuma, this was 
not accompanied by any striking increase in stainability of the chromosomes 
in Bqualus. Bather, there was a gradual increase which did not go beyond 
the condition indicated in figure 1, f, in any cell observed. The largest cell 
observed had a total diameter of about 3000/* and a nuclear diameter of about 
270/*. The deposit of yolk is extensive even in considerably smaller cells (cell 
2700/*, nucleus 250/*). As previous studies on the lampbrudi chromosomes of 
dasmobranchs (Eiickert, Mar6chal) have shown an increase in stainability 
comparable to that which occurs in Amphiuma, it seems probable that s imi l ar 
results would have been obtained with Bqualus had the material studied in- 
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eluded larger eggs. It is surprising that the nucleoli are less numerous in 
these very large eggs than in the preceding stage. They are now comparable 
in quantity to the nucleoli in Amphiuma nuclei of the same stage. 

Feulgen and Unna preparations. —^Peulgen staining was decidedly less 
satisfactory with Squalus than with Amphiuma. This may be because of the 
fixatives used (Gilson’s and Karpechento’s), for the ovaries were not fixed 
especially for use with the Feulgen slain. Nonetheless, the Feulgen prepara¬ 
tions support the Amphiuma series lo some extent. In nuclei up to 60/i in 
diameter the pseudopodia as weU as the main axes are positive. In nuclei over 
120/* in diameter even the main axis is negative and remains so throughout 
the period studied. It seems improbable that this represents the actual condi¬ 
tion of the chromosomes. It may be that the chromosomes are spun out into 
such fine threads that the reacting thymonucleic acid is below the limit of 
visibility. More probably sections from material fixed in Bonin’s fiuid will 
reveal the main axes. 

Unna’s stain gave much the results expected on the basis of the Amphiuma 
slides. In the youngest cells studied, the cytoplasm and the nucleoli are 
strongly positive. The nucleoli remain so throughout the development of the 
egg. The intensity of the staining of the cytoplasm declines in the older eggs, 
perhaps because the rate of production of ribonucleic acid lags behind the 
growth of the cytoplasm; or perhaps because the ribonucleic acid enters into 
cytoplasmic reactions which render it unstainable. No sign of staining of 
the chromosomes was seen in even the most advanced nuclei studied. This 
may mean that the loops of chromosomes of Squalus contain no ribonucleic 
acid or it may mean that ribonucleic acid, although present, is too finely 
drawn out to be observed with this very weak stain. Especially when con¬ 
sidered in relation to the positive results in large eggs of Amphiuma, the 
latter possibility seems the more probable. 

Digestion experiments. —The results of nuclease digestion agree with those 
obtained from Amphiuma. The chromosomes of all stages are completely 
Feulgen negative, but they are faintly stainable with hematoxylin. Both 
loops and main axes can be seen to remain intact. AU parts are completely 


destroyed by trypsin. 


DISCUSSION 


MoBPHOIiOGIOAIi CONSn>BBA.TIONS 


MarSbhal (1906) regarded the question of the persistence or nonpersistence 
of Ihe chromosomes as of prime importance. This question may now be re¬ 
garded as decisively settled in favor of persistence, as aU subsequent studies 
have supported MarSchal in this respect. 

However, it is now possible to extend Max6chal’s conclusions. Because the 
chromosomes remain visible, thor^h very faintly so, during the growth phase 
of the lampbrush chromosomes, he was convinced of their morphological con¬ 
tinuity or individuality. But because of the extremely low stainability of the 
(fiuromosomes during this period, he thought that the chromatin must have 
been destroyed, to be formed anew during the phase of recoucentration of 
the chromosomes. It is now possible to extend to the chromatin the concept 
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of conlinuily throughout the chromosomal cycle, at least in the Tnain htih 
of the chromosomes. Brachet (1940a) and Painter and Taylor (1942) have 
previously demonstrated the presence of thymonucleic acid in the main axes 
of lampbrush chromosomes by means of the Peulgen reaction, which had not 
been discovered in the time of Mar^chal. In the present study the thymonucleic 
acid has been traced, by means of the Peulgen reaction together with nuclease, 
from the earliest lampbrush chromosomes up to the beginning of the reeon- 
densation of the chromosomes. The main axis has been shown to contain 
thymonucleic acid at all stages, although the side branches contain it only 
at the earliest, or pseudopod-like stage. Thus the principle of the persistence 
of the chromosomes extends not only to an aehi’omatie basis of the chromo¬ 
somes but to the chromatin as well. 

As the side loops are the characteristic structures of the lampbrush chromo¬ 
somes, their mode of origin and their relationship to the ordinary chromosome 
are of especial interest. The first step in their formation in the organisms 
studied appears to be the extension of pseudopod-like processes from the 
chromomeres of the diplotene chromosomes (figure 1, a and b). This may be 
designated as stage I. These pseudopodia at first contain thymonucleic acid 
as shown by a positive Peulgen reaction which becomes negative after nuclease 
treatment. This thymonucleic acid soon disappears. As the pseudopodia extend 
out from the main axis of the chromosome, they begin to appear as loops, as 
though their centers had been broken through, like soap films on wire loops 
(figure 1, b and c). When the majority of the pseudopodia have thus become 
small loops, the lampbrush structure may be regarded as established, and the 
chromosomes now begin their great expansion which constitutes the second 
phase (stage 11) of their development (figure 1, o-e). During most of this 
phase, the chromatin is finely dispersed, and so the chromosomes are difScult 
to stain. This is the critical period in which authors of the Schultze school 
believed that the chromosomes were destroyed. Following this phase, and 
coincident with the deposition of yolk in the cs^toplasm, the chromosomes 
regain their stainability (stage III), probably because of the presence of 
increasing concentrations of ribonucleic acid in the loops (figure 1, /, figure 
2, 0 , 1, and m). The main axis at this stage is obscured in hematoxylin prepa¬ 
rations by optical overlapping of the central parts of the loops (figure 2, o). 
Lastly, the chromosomes undergo a reconeentration to form the chromosomes 
of the first meiotic spindle, a phase not included in the present study. 

The above interpretation is at variance with those of some other authors. 
KoltzofiE (1938) regarded the loops as being formed by maximal extension of 
some members of a bundle of chromonemata, these synapsing at homologous 
points with their (molecularly) less extended sisters. It seems improbable that 
he would have held this opinion had he succeeded in staining the lampbrush 
chromosomes with the Peulgen reagent, for in Peulgen-stained slides the 
main axis appears as a straight line or chain of chromomeres, with the faint, 
unstained loops extending laterally from the main axis at regular intervals. 
To explain these facts under Koltzoff's theory, it would be necessary to make 
the improbable assiuuption that those parts of the accessory chromonemata 
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which are synapsed with the main axis contain thymonucleic acid while the 
looped parts do not; or one would have to make the even more improbable 
assumption that the whole accessory chromonema is unstainable, bW visible 
nonetheless only in those parts which are not synapsed with the main axis. 
Fui-ther, the main axis, which stands out very clearly in Feulgen preparations, 
is very little thicker than the loops, and this does not suggest a very different 
order of molecular unfolding. 

According to Eis (1945), the lampbrusli chromosomes are simply elongated 
diplotene chromosomes in which the four chromatids have formed major coils 
and separated from one another laterally. The central overlapping of the 
gyres gives the impression of a main axis with chromomeres. This is also diffi¬ 
cult to harmonize with the results of Feulgen staining, for it does not account 
for the very clear, precise main axis which is seen in such preparations. 
Further, it is difficult to believe that only the overlapping parts in such a 
system would be Feulgen positive, all of the rest being Feulgen negative. 
Also, Bis’s conception of the structure of the lampbrush chromosomes requires 
that cross sections should always show four loops. Actually, such figures are 
seen at times, but much more frequently five loops are seen, and some cross 
sections show six, seven, or even eight loops, aU of which would be impossible 
if Eis’s conception were correct. 

The interpretation of Painter and Taylor (1942) agrees with the present 
interpretation in regarding the loops as point outgrowths. But, because they 
obtained negative results on the loops both with Feulgen and Uima stains, 
these authors regard them simply as lateral expansions of “matrix.” Presum¬ 
ably, matrix means inactive material. In view of the evidence of intense 
metabolism (formation of nucleoli) in these loops, however, such an inter¬ 
pretation is hardly tenable. Further, the present study indicates that the 
loops do contain ribonucleic acid (positive TJnna stain during stage III—^figure 
2,landm). 

There is perhaps only an apparent contradiction between the present study 
and that of Duryee (3941). The mechauism of loop formation which he de¬ 
scribes—division of a single chromiole to form two which remain connected 
by a bar which continues to grow and thus forms a loop—^is substantially the 
same as that described in this paper. These modes of loop formation become 
identical if stainable substance fills in the smallest loops of Duryee, thus giving 
them apseudopodlal appearance. The differences between his description and 
the present one may well be only the differences between fresh and fixed tissue. 
There is, however, a further difficulty. Duryee's description would appear to 
allow only one loop, or at the most two, to a chromomere, whereas five loops is 
the number most frequently observed in cross sections of the chromosomes. 
It seems probable, however, that a comparison of hematoxylin and Feulgen 
preparations, together vrith Kodani’s work on the salivary-gland chromosomes, 
may resolve this apparent conflict. During stage II, when the chromosomes 
have their min i mu m visibility, Feulgen preparations show that the main axis 
is made up of exceedingly small chromomeres, which are very near the limit 
of visibility (figure 2, f, g, and *). Hematoxylin preparations fail to reveal 
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these granules, which are paired and which may be the chromides of Duryee. 
In stage III, when the chromosomes are more readily stained by hematoxylin, 
a coarser structure of the main axis is indicated by both hematoxylin and by 
the Feulgen reaction (figui’C 2, a and i). Now Kodani (1942) has shown that 
the bands of the salivary gland chromosomes are essentially coiled segments 
of the chromonemata to which are attached nucleic acid-containing bulbs, 
usually a series of five bulbs to a homologue, or ten to a band. If a short seg¬ 
ment of the lampbrush chromosome, including five pairs of the chromioles of 
Duryee, were to coil very tightly, they would collectively give the appearance 
of the chromomeres of stage III, and the attached loops would form the rosette 
so frequently seen in cross sections of lampbrush chromosomes. 

One more question must be considered with respect to the loops: are they 
latent in the normal chromosomes as Riiekert (1892) suspected or are they 
without counterpart in normal chromosomes ? A decisive answer to this ques¬ 
tion must come from a study of the normal chromosomes themselves, perhaps 
by the methods of Kodani. Meanwhile, there are some data which indicate that 
the lampbrush structure is latent in the normal chromosomes. Thus, the pachy¬ 
tene and diplotene chromosomes of animals generally and of Orthoptera 
especially acquire a fuzzy appearance which may well be analogous to the 
pseudopod formation of stage I lampbrush chromosomes. Nor is the ability 
of chromomeres to put out pseudopod-like processes confined to meiotic chro¬ 
mosomes, for Wilson (1925) cites many examples in which mitotic chromo¬ 
somes “send forth branches” in the 1 elophase reconstruction. In this coimection 
it is important to note that Ruckert regarded the lampbrush chromosomes as 
substitutes for tlio resting condition to permit the intense metabolism of liie 
growing egg. Lastly, Kodani has demonstrated that the chromatic bulbs of 
salivary-gland chromosomes tend to fiow out like pseudopodia under the in- 
fiuence of alkali, or various o1her reagents. Thus it appears that the ability 
of chromomeres to put out pseudopodia is not confined to incipient lampbrush 
chromosomes but is a general characteristic, and so it seems probable that 
the lampbrush loop is latent in the normal chromomere. 

Although no one has doubted the tetrad character of the lampbrush chro¬ 
mosomes, previous studies have not yielded visible evidence of it. Duryee 
(1941) refers to each chromosome as “a single plastic cylinder,” although his 
radiation experiments gave evidence of a latent cleavage plane within this 
cylinder. All previoxis students of the lampbrush chromosomes have observed 
chiasmata, and so it is clear that the homologous chromosomes are still asso¬ 
ciated, although they separate as widely as possible between chiasmata (figures 
1, c, 2, f and g ). But previous studies have failed to show the two sister chro¬ 
matids which it was necessary to assume made up each homologue. In the 
present study, however, Feulgen preparations, especially of stage II cells, 
show the separate chromatids as parallel rows of extremely fine chromomeres, 
the strand between the chromomeres also appearing chromatic at times. This 
is shown especially well in figure 2, c, f, g, and i. A comparative study of the 
%ures shows that the sister chromatids are most easily visible in those chro¬ 
mosomes in which the chromatin is most finely dispersed. In some instances 
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(figure 2, / and g) the chromatids are widely separated, relative to their own 
width. These facts suggest that there may be an inverse relationship between 
the degree of dispersion of the chromatin and the closeness of synapsis: the 
more finely dispersed the chromatin, the less closely synapsed the chromo¬ 
somes. The extreme fineness of these chromosomes suggests that they are maxi¬ 
mally extended, but the stretching experiments of Duryee prove that they 
are not. 

Lampbrush Chromosomes and Salivary Gland Chromosomes 

In their paper of 1942 Goldschmidt and Kodani pomted out the close struc¬ 
tural similarity between the naturally occurring lampbrush chromosomes and 
those produced by Kodani’s methods from the salivary gland chromosomes. 
They observed that in both there is a chromonema to which are attached 
loops (naturally occurring lampbrush chromosomes) or chromatic hairs (sali¬ 
vary gland chromosomes). These structures are of the same order of magni¬ 
tude. Digestion experiments with nuclease and trypsin showed that the 
chromatic hairs had a protein basis as well as a nucleic acid component, thus 
extending their resemblance to the loops of natural lampbrush chromosomes, 
which were then supposed to be entirdy achromatic. 

It is now possible to extend this comparison. Kodani (1942) has demon¬ 
strated that, in each band of the salivary gland chromosomes, one homologue 
(with its two sister chromatids) is coiled in one direction, while the other 
homologue is coiled in the other direction, each occupying half of the cross 
section of the chromosome. Bach coiled homologue bears a series (usually 
five) of paired but closely synapsed chromatic bulbs which are radially ar¬ 
ranged. Thus each chromatic band is made up of an aster usually of ten pairs 
of chromatic bulbs, together with interstitial chromatin. Double bands may 
be formed by failure of synapsis between the chromatic bulbs of sister chro¬ 
matids. 

As pointed out above, the data reported in this study can be harmonized 
with Duryee’s if one assumes that short segments of loop-bearing chromomeres 
are tightly coiled to form larger secondary chromomeres, with the attached 
loops forming a rosette. While the number of loops in each such rosette varies, 
five is the most frequent number. It is curious that this is also the number of 
pairs of chromatic bulbs which Kodani found most frequently attached to a 
single chromosome coil in the salivary gland chromosomes. Thus each part of 
Kodani’s salivary lampbrush chromosomes has a very suggestive counterpart 
in natural lampbrush chromosomes: chromonemata, coiling, and loops or hairs. 
Nor is the contrast between chromatic hairs and achromatic loops so sharp as 
it formerly appeared, for experiments with Uima’s stain indicate the presence 
of ribonucleic acid in the loops of stage III cells (figure 2 ,1 and m). If the 
space between the several loops of each rosette were to be filled in with 
chromatin, and if the chromonemata between each rosette were to swell with 
“matrix” to reach the diameter of the rosettes, then we would have produced 
the structure of a salivary gland chromosome from a lampbrush chromosome. 

Thus one might safely compare these two types of chromosomes, although 
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one is a natural occurrence and the other is an experimental artifact. The 
most detailed comparison shows that the artifact is based on structural poten¬ 
cies which are the same as those naturally realized in the real lampbrush 
chromosomes. In both, the highly modified chromosomes arise as an adapta¬ 
tion to the intensive metabolism of the cells concerned. All chromosomes show 
a tremendous increase in surface area during the greatest cell activity, the 
chromatin dispersal of “resting” nuclei. AU chemical and cytological inves¬ 
tigations have yielded substantially the same results for chromosomes of 
whatever source. It may weU be then, that the nature of all chromosomes is 
such that adaptation to the most intense metabolism can only result in some¬ 
thing similar to the lampbrush structure of vertebrate eggs or of salivary 
gland chromosomes. It must be emphasized that this is conjecture. 

SizbBelations 

It is not possible to compare the mitotie and lampbrush chromosomes without 
being impressed by the tremendous increase in size of the latter. Eiickert at¬ 
tempted a quantitative estimation of the increase. He calculated the volume 
of a t 3 T)ieal metaphase chromosome of Pristiurus and also the total volume 
occupied by a typical lampbrush chromosome, including, however, the nucleo¬ 
plasm within its meshes. On this basis he concluded that the volume increase 
was on the order of 12,000 to 14,000 times. 

If the assumption (to be discussed bdow) is correct that lampbrush forma¬ 
tion is primarily an adaptation to get more extensive surface for reactions, 
then a comparison of surface areas would be more significant than a compari¬ 
son of volumes. An attempt has been made to make such a comparison of 
surface areas of mitotic and lampbrush chromosomes of Amphiuma. A typical 
mitotic chromosome was found to have a diameter of 2fj., and a length of 18/t. 
This gives a surface area of approximately 120 square micra. Calculations 
for the lampbrush chromosomes are based upon chromosomes at the height of 
their development (stage III). The main axes of sxich chromosomes were esti¬ 
mated to average perhaps SOO/t in length and about 1 micron in diameter, 
giving a surface area of 942.5 square micra. 

To determine the surface areas of the side loops, several representative seg¬ 
ments of chromosome were selected and the length and width of each loop 
measured. Average length of loops was found to be 9/*, while the average 
width was 2.5/t. The length of the thread in the average loop was then calcu¬ 
lated as the circumference of a circle with a diameter midway between these 
two values. This gives a circumference of 22 micra. The threads making up 
the loops are too fine to permit direct measurement of diameter, but were 
estimated to vary from 0.^ to 0.5^. If a diameter of O.Sju. is assumed, tiien the 
average circumference of the thread is 0.94jtt. Thus the surface area of the 
average loop is 20.7 square micra. 

The number of loops per chromomere, as seen in cross sections, varies from 
4 to 8. Much the most frequent number, however, is 5. The loop-bearing 
chromomeres are spaced at intervals of 2/* or less, and so the average chro¬ 
mosome should bear about 160 groups of 5 loops each. This gives a total 
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surface area for the loops of 15,525 square micra and a total for the chromo¬ 
some of 16,467 square micra. Dividing the total surface area of the lamp¬ 
brush chromosome by that of the mitotic chromosome gives an increase of 
137.2 fold or 13,720 per cent. 

Another aspect of size relations is the nucleoplasmic ratio. In order to 
determine the nucleoplasmic ratio for cells with nuclei of a particular size, 
for example 50/t in diameter, maximum diameters of all cells with this size 
nucleus were recorded and averaged. Volumes of the miclei and of the cells 
as a whole were then computed on the basis of the assumption that each was 
a sphere. The nucleoplasmic ratio was then obtained by dividing the nuclear 
volume by cell volume minus the nuclear volume. Nuclear diameters chosen 


TABLE 1 

CoMPABisoN OF N/P Ratios of Amphiuma and Sgualvs 


Nuclear diameter 

Cdl diameter 

N/P ratio 

Amphiuma 

Squalus 

Amphiuma 

Squalus 

Amphiuma 

Squalus 

50iu 

50m 

86m 

185m 

1/4 

1/50 

75/i 


144m 


1/6 

100/i 

100/i 

220m 

405m 

1/10 

1/65 

120m 


330m 


1/20 

200m 

200m 

650m 

1000m 

1/50 

1/125 


270m 


3000m 

1/1400 

300m 


1470m 


1/120 


for determination of nucleoplasmic ratio are the following: 50/*, 75/i, 100/t, 
120/x, 200/*, and 300/*. The results are summarized in table 1. The first three 
horizontal lines show that little change occurs in the nucleoplasmic ratio 
during the first, or pseudopodial stage, when the lampbrush form of the 
chromosomes is in its earliest beginnings. The ratio is about 1 to 4 when 
the pseudopodia are first detectable and is about 1 to 10 by the time that the 
lampbrush form is definitdy established. 

The following fom* lines of table 1 show that the cell volume increases at a 
much greater rate than does nuclear volume once the lampbru^ chromosomes 
have been established and have began their own great growth. Thus, when 
the nucleus of Amphiuma has a diameter of 120/*, the nucleoplasmic ratio has 
become 1 to 20; when the nuclear diameter has become 200/*, the ratio has 
become 1 to 50; and when the nuclear diameter is 300/*, the ratio has reached 
1 to 120. 

Some nudeoplasmic ratios were also calculated for Sqmhis, and these have 
been included in table 1 for purposes of comparison. The same trends occur in 
the ova of both organisms. A given size of nucleus, however, always controls 
a much greater amount of cytoplasm in Sqmlm than in Amphiuma. 

Striking as is the disparity between the initial nucleoplasmic ratio and the 
ratio at the height of the lampbrush figure, the increase in surface area of the 
chromosomes during this period is even more striking. It is evident from a 
comparative study of nucleoplasmic ratios and of surface area of chromo¬ 
somes that, while cytoplasmic volume increases at a proportionately much 
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greater rate than does nuclear volume, it actually lags behind the propor¬ 
tionate rate of increase of surface area of the most important structural ele¬ 
ment of Hie nucleus—^the chromosomes. It must be borne in mind, however, 
that the chromosomes later undergo a regression preparatory to the meiotic 
divisions, while the egg continues to grow. What these facts actually mean is 
perhaps best deferred until the discussion of the function of the lampbrush 
chromosomes. 

It should be admitted that the assumptions basic to these volumetric calcu¬ 
lations are not entirely valid. The nucleus may be almost a perfect sphere in 
the earliest stages but it becomes somewhat eliptical and irregular in outline 
while the chromosomes are still in the pseudopodial stage. Thus calculations 
of nuclear volume must be approximations, but they are probably dose ap¬ 
proximations as the shape of the nucleus usually is not far from that of a 
sphere. The shape of the cell as a whole is variable, but it tends to be a sphere 
except for distortions owing to pressure of surrounding eggs. By averaging 
measured diameters of eggs cut in many different planes it was hoped that 
these variations would be smoothed out sufSciently to give a reasonably accu¬ 
rate average diameter for cells with any pairtieular size of nucleus. 

With these admissions in mind it is still clear that, however much the par¬ 
ticular figures stated may be in doubt, there is a striking decrease in the 
nudeoplasmic ratio during the development of the lampbrush chromosomes. 

GhBMIOAIi CONSIDnaATIOKS 

Kodani’s statement (1946) that methods for analysis of the chromosomes 
in situ “require great sensitivity and specificity because of the extraordinar¬ 
ily small quantities of the substances present in the chromosomes” applies 
with even greater force to the lampbrush chromosomes than to the salivary- 
gland chromosomes of which he wrote. Only two previous writers (Brachet 
and Painter) have attempted any chemical interpretation of the lampbrush 
chromosomes. Both noted the presence of thymonueleic acid in the main axis 
but attempted no further analysis. 

This is not the place for a general review of chromosome chemistry, because 
very little indeed can as yet be applied on an experimental basis to the lamp¬ 
brush chromosomes. But the pertinent data should be summarized. Known 
genetic data demand that there be a high degree of differentiation along the 
length of the chromosome. The proteins are the only known class of compounds 
which coxild offer this diversity. Yet only four proteins have been identified 
in chromosomes. Histone and protamine have been known for many years to 
enter into the composition of the chromosomes, especially those of fish ^erm 
(Kossel, 1928). Caspersson (1936) using Ms ultraviolet absorption method, 
found these proteins, together with globulin, in the salivary-gland chromo¬ 
somes. He believed that globulin runs the length of the chromosome, that 
protamine runs the length of the euehromatic parts, and that histone is con¬ 
fined to the chromatic bands. Because of tMs he thought it probable that 
histone forms the link between the nucleic acid and the protein skeleton of the 
chromosome. Mazia (1941), however, believes that Mstone fomos the skdeton 
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of the chromosome, with protamine forming the link to the nucleic acid. He 
based his view on the removal of nucleic acid from the chromosomes by a 
preparation known to contain protaminase and on the readiness with wMeh 
purified histone and nucleohistone form fibers, while protamine and nueleo- 
protamine fail to form fibers. He believes that the shrinkage of interband 
spaces by pepsin points to globulin as the “matrix” with which the interband 
spaces are swollen. Obviously the protein removed by pepsin can have nothing 
to do with the skeleton of the chromosome, as the chromosome remains intact 
following pepsin digestion. Nor can this protein form the link between the 
skeleton and nucleic acid, for the chromosomes remain Feulgen positive after 
pepsin digestion. Mazda has also found an incompletely characterized “nucleo- 
protein X” which will form fibers. Lastly, the Stedmans (1943) have reported 
an acid protein, chromosomin, which they believe to be the most important 
part of the chromosomes. Their work, however, has not been generally ac¬ 
cepted. 

Every investigator, with very few exceptions, has attested to the presence 
of thymonucleic acid as a major constituent of the chromosomes. Kossel (1928) 
suggested that this substance is bound by a salt bond to protamine or histone. 
Schultz (1941) has found evidence, using TJnna’s stain, that ribonucleic acid 
is also present in the chromatic bands of the salivary gland diromosomes, 
although most investigators have found this substance only in the nucleoli 
and the cytoplasm (Brachet, 1940&). 

The chemical data of the present study are derived from enzyme experi¬ 
ments, from staining by the Feulgen method for thymonucleic acid, and from 
staining by TJnna’s method for ribonucleic acid. Attempts at stainii^ by sev¬ 
eral color tests for proteins failed, probably because of the extremely fine 
dimensions of the fibers studied. 

The results of nuclease digestion and staining by the Feulgen reaction show 
that thymonucleic acid is present in both the main axis and the pseudopodia 
early in stage I. The thymonucleic acid soon disappears tram the pseudopodia, 
but it remains demonstrable in tiie main axis of the chromosomes throughout 
the three periods studied. Unna’s stain, however, shovTS that ribonucleic acid 
is present in the chromosomes in demonstrable quantities only in stage III, 
when its presence is certain only in the loops; but some sections suggest that 
it may also be present in the main axis. Nucleoli are always positive for ribonu¬ 
cleic add, as is the cytoplasm (except in the earliest part of stage 1). 

The results of digestion vrith proteolytic enzymes are less dear. The chro¬ 
mosomes are at all times undigestible by pepsin in the sense that their visible 
structure is not disirupted, nonetheless there is some evidence of a shrinkage 
such as Mazia and Jaeger (1939) have reported for pepsin-digested salivary 
gland chromosomes. Ih the smallest stage I cells, the pseudopodia appear a 
little less frequent and diorter than in control dides. Stfge 11 and HI chro¬ 
mosomes diow no measurable difference from those of controls, but one gets 
the impression that the superior visibilily of pepsin-digested chromosomes is 
in part caused by a d^htly greater thickness of the threads. Taking these 
data together, it seems probable that pepsin removes a small amount of protein 
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from the matrix, thus resulting in a slight shrinkage of those materials re¬ 
maining in the chromosomes. This shrinkage is sufSicient that the very small 
pseudopodia of early stage I now blend into the main axis, while the larger 
pseudopodia simply shorten but remain individually visible. 

Aafinining that tho proteins present in the lampbrush chromosomes are the 
same ones that have been identified in salivary gland and other chromosomes, 
tbe n this pepsin-digestible protein must be either globulin or “nucleopro- 
tein X” since neither histone nor protamine is digestible by pepsin. As the 
Fetdgen reaction is undiminished following pepsin digestion, it seems un¬ 
likely that any significant amount of nucleoprotein has been removed. Thus 
the pepsin-digestible matrix protein of the lampbrush chromosomes may be 
tentatively identified as globulin. 

Trypsin digestion proceeds in at least two stages distinguishable by the 
methods used in this study. The first protein attacked is one by which thy- 
monucleic acid is attached to the skeleton of the chromosome. This is made 
visible by a diffuse Feulgen reaction throughout the nucleoplasm, which is 
completely negative in control slides. Second, the chromosome as a whole is 
destroyed. The loops are not destroyed any more rapidly than are the main 
axes. These proteins by which the thymonueleie acid is attached, and by which 
the structural integrity of the chromosome is maintained (skdetal proteins), 
were unaffected by pepsin digestion, hence they must be either histones or 
protamines. The fact that the thymonudeic acid is liberated after short 
periods of digestion while the chromosome as a whole is destroyed only after 
much longer digestion suggests that the two functions may be subserved by 
different proteins. As stated above, Mazia (1941) has found that purified 
histone and nucleohistone vdll form fibers, while protamine and nucleopro- 
tamine will not. Further, he found that chromosomes treated vnth a solution 
known to contain protaminase become Feulgen negative. These facts suggest 
that the skeleton of the lampbrush chromosome is formed by histone, while 
the thymooudeic acid is attached to the skdeton by protamine. 

The picture of the chemical structure of the lampbrush chromosomes which 
emerges from the present study, considered in relation to some previous 
studies on chromosome chemistry, is as follows: the structural basis of the 
chromosome is a histone chain, to which thymonudeic acid is attached through 
protamines. In the earliest stages this applies to pseudopodia as wdl as to the 
main axis. The thymonudeic acid soon disappears from the pseudopodia, tobe 
replaced in stage III, and possibly in all stages, by ribonucleic add. At all 
stages the chromosome is impregnated with a small amount of globulin 
“matrix.” This is substantially the same picture which Mazia (1941) envisions 
for the salivary-gland chromosomes. 

A word of caution regarding the interpretation of discussions of chromo¬ 
some chemistry: terms such as histone, protamine, and globulin sound very 
definite, and cytologists sometimes forget that these are not definite sub¬ 
stances. Bather they arc dasses of substances, and within any one of them 
there may be a great variety of specific compounds. Present microchemical 
methods have not permitted a localization of such specific variants in the 



308 


University of California Publications in Zoology 

chromosomes, but it is quite possible that these several classes of proteins 
actually do furnish all of the variability which is demanded by the genetic 
analysis of chromosomes. 

“Matrix” is similarly subject to misiuterpretation. Its use often implies 
inert material, simply packing in the chromosome. As used in this paper, 
“matrix” refers to substances not concerned with the morphological integrity 
of the chromosome. No implication of inertness is intended. Indeed, it seems 
highly probable that the matrix proteins are highly active in the genetic 
system. 

The Function of the Lampbrush Chromosomes 

In the absence of specific physiological experiments, discussions of the func¬ 
tion of cellular structures must remain hypothetical. However some of the 
morphological and chemical results of this study do give a certain amount of 
insight into this problem. Few will doubt the essential correctness of Eiickert’s 
opinion (1892) that the lampbrush chromosomes represent a simulation of 
the resting structure, in order to permit intensive metabolism in these meiotic 
cells. As the greater part of the lampbrush substance does not enter into the 
formation of the chromosomes of the first meiotic division but is sloughed off, 
he reasoned that this material must be purely “somatic” in function, while 
only that chromatin entering into the formation of meiotic chromosomes is 
concerned with heredity. 

This concept of two different functional types of chromatin, trophochro- 
matin for somatic functions and idiochromatin for hereditary functions, was 
further developed long ago in a series of papers by Goldschmidt (1904a, 
1904&, and 1910) and Goldschmidt and Popoff (1907). In these papers Gold¬ 
schmidt pointed out that in most cells these two types of chromatin exists side 
by side, so that the cell may, in a sense, be said to be binuclear. This concept 
was originally suggested by the extrusion of chromidia from the nuclei of 
certain Protozoa. An actual separation of trophochromatin and idiochromatin 
into two distinct nuclei in each cell perhaps occurs only in the ciliates, with 
the micronucleus containing idiochromatin and the macronucleus containing 
trophochromatin. Although this work includes many errors in details, the 
main concept appears valid. As applied to the lampbrush chromosomes, this 
concept may be very fruitful and can now be related to specific chemical dif¬ 
ferences as well as to morphological entities. 

In young stage I cells the chemical structure of the chromosomes is uniform 
throughout, at least on the level of analysis possible with present methods. 
Soon the thymonueleic acid disappears from the pseudopodia, to be replaced 
in stage III by detectable amounts of ribonucleic acid. Meanwhile, however, 
many nucleoli have arisen in contact with the loops, and these are aU strongly 
positive for ribonucleic acid. The cytoplasm has also become positive, and 
deposition of yolk begins in the most strongly positive region, that is the pe¬ 
riphery in AmpMuma or the perinuclear region in Squahts. It seems probable, 
then, tiiat tiie lampbrush loops function as sites of transformation of thymo- 
nucLeic acid into ribonucleic arid. This ribonucleic acid, together with an evai 
greater amount of protein, forms the nudeoU. During stage II these reactions 
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apparently proceed too rapidly for either of the nucleic acids to accumulate 
in detectable quantities in the loops. 

Somehow liis nucleolar substance is transferred to the cytoplasm. The 
present study gives no clue to the mechanism of transfer. Duryee (1941), 
however, claimed to have observed such a transfer in living cells. He says that 
as a nucleolus comes into contact with the nuclear membrane, the two mem¬ 
branes fuse, then the double layer so formed breaks out, discharging the con¬ 
tents of the nucleolus into the cytoplasm and leaving the greater part of the 
nucleolar membrane as a new addition to the nuclear membrane. He believed 
that this is a regular method of growth for the nuclear membrane. While the 
present study does not support Duryee in this respect, neither does it con¬ 
tradict him. Schreiner (1918) observed connecting strands between nucleoli 
and mitochondria in epidermal gland cells of Myxine. She believed that nucle¬ 
olar material trickled (aussiekern) through the nuclear membrane. 

Once in the cytoplasm, the nucleolar material undoubtedly is associated 
with synthetic processes, for the appearance of large quantities of ribonucleic 
acid in the cytoplasm marlcs the beginning of rapid growth of the egg, and 
deposition of yolk first begins in the region of greatest concentration of ribo¬ 
nucleic acid. A priori, it seems improbable that the rather simple ribonucleic 
acid is the only nucleolar material which is concerned with these S3mthetie 
processes in the cytoplasm. The far more complex proteins must be more than 
just carriers for the ribonucleic acid. Modem genetic theory conceives of the 
chromosomes as functioning through the formation of developmental enzymes, 
or other types of material which may influence the course of development 
(and cell reactions of adults). The proteins of these nucleoli, produced by the 
lampbrush loops and secreted in large quantity into highly active cytoplasm, 
may well be such developmental enzymes in visible form. 

In terms of a modernized binuclearily theory of Goldschmidt, then, the 
main axis of the chromosome corresponds to the idiochromatin, while the loops, 
in which ribonucleic acid and proteins for use in the cytoplasm are synthesized, 
correspond to the trophochromatin, as do the same products in the nucleoli 
and in the cytoplasm. The lampbrush structure is primarily a mechanism for 
obtaining a surface area commensurate with the intense metabolism of the 
developing egg. But in addition to this it constitutes a partial separation 
between the idiochromatin which here appears to be associated with thymo- 
nucleic acid and the trophochromatin which here appears to be associated with 


ribonucleic acid. 


SUMMARY 


In the development of telolecithal primary oScytes of vertebrates, the chro¬ 
mosomes develop many side loops, because of which they have been called 
lampbrush chromosomes. A morphological and biochemical study of the 
development of these chromosomes has been presented. 

These processes fibrst appear as pseudopodia extending from the chromo- 
meres. Soon the centers appear to break out, leaving loops, much as though 
soap films on wire loops had broken. These loops rapidly grow to become very 
long and slender, and during this growth they lose almost completely their 
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affinity for basic stains. Nucleoli in large numbers are formed in contact with 
the lampbrush loops. The loops as well as the main axis of the chromosome 
appear to have a chromomerie structure. The chromomeres of the mam axis 
have been measured and have been found to be very near the limits of visibilily. 
It has been pointed out that there is a close morphological correspondence 
between these chromosomes and the lampbrush chromosomes which Kodani 
(1941) has produced from salivary gland chromosomes of Drosophila. 

Some conclusions regarding the chemical nature of lampbrush chromosomes 
have been drawn from experiments with Feulgen and Unna stains and with 
the enzymes nuclease, pepsin, and trypsin. The structural skeleton of the 
chromosome appears to be histone, while the nucleic acids are attached to this 
skeleton through protamine. In the main axis the nucleic acid is of the thymo- 
nucleic type, while in the loops iliis is rapidly converted to the ribonucleic 
type. The whole chromosome includes a small amount of “matrix” of globulin. 

Functionally, the lampbrush chromosomes are regarded as agents for the 
synthesis of ribonucleic acid and enzymes, or other type of essential develop¬ 
mental agent, for use in the cytoplasm. The lampbrush form provides a surface 
area sufficient to permit the intensive metabolism of the growing egg. In these 
chromosomes there is a functional separation of idiochromatin (the main 
axis) and trophochromatin (the side loops). 
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FLAGELLATES OF THE CAECUM OF 
GEOUND SQUIEEELS 

BT 

HAROLD KIRBY AND BRONISLAW HONIGBERG 

INTRODUCTION 

The intestinal protozoa of ground squirrels of the genus Gitellus remained 
unknown until the appearance in 1926 of Becker’s publications on the amoe¬ 
bae and flagellates of C. tridecemlineatus. Soon thereafter Sassuchin (1931) 
made a studj of the protozoan fauna of the intestine of Citellus pygmaeus in 
Russia. It is a matter of considerable interest that, in spite of the wide geo¬ 
graphical separation of the hosts, the flagellates and amoebae of the ground 
squirrels of Russia and Iowa were assigned to the same species. There are 
many other species of Citellus, and a knowledge of how much the protozoan 
fauna agrees in the different ones is desirable. Basic to that knowledge is a 
more complete and accurate description of the flagellates than can be found 
in the earlier publications. In furtherance of this subject, we have under¬ 
taken to study the flagellates in the caecum of the type host and of three species 
of Citellus in California. 

An opportunity of studying the intestinal flagellates of Citellus leeoheyi 
leeeheyi was first given the senior author at the Hastings Natural History 
Reservation, Monterey County, California. Through the kindness of Dr. J. M. 
linsdale, facilities were provided for collecting the protozoa from numerous 
ground squirrels and for making some studies at the place of collection. 

Specimens of CilelVus lateralis chrysodeirus were obtained in Yosemite 
National Park, with the permission of the Superintendent of the Park and the 
aid of the Park Naturalist. Later a number of the squirrels were trapped at 
Reds Meadow, Madera County, California. A collection of caeeal contents 
from Mantled Ground Squirrels was made for us at Big Bear Lake, San 
Bernardino Cotmty, California. No specimens of those animals have been 
available for dclerminalion, but the distribution indicates that they belonged 
to the subspecies Citellus lateralis bermrdinus. (See Howdl, 1938.) For aid 
in arrangements necessary to secure the material from Big Bear Lake acknowl¬ 
edgment is due to Richard P- Maynard and Dr. K. F. Meyer. The eaecal con¬ 
tents in potassium dichromate were used primarily for the study of Emeria, 
but some information regarding the flagellates was secured. 

Specimens of Citellus beldingi beldingi were taken at Tuolumne Meadows 
and at Reds Meadow. Four living Citellus trideeemlineatw tridecemlineatus 
were sent from Ann Arbor, Michigan, by Dr. "William Burt. We make grateful 
acknowledgment to him for this essential materiaL 

Studies were made of living flagellates when possible, sometimes with the 
aid of dark-fleld illumination. Film preparations from the caecum were flzed 
in Sohaudinn’s fluid or Hollands’s fluid. Heidenhain’s iron-haematozylin was 
used as a standard stain, but a great aid in the study of some of the flam^lintaa 
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■was silver impregnation by nse of activated protargol, usually after fisation 
in Hollande’s fluid. 

All the drawings that illustrate this paper were made by the junior author. 
For aid in providing for the work acknowledgment is made to the Research 
Committee of the University of California. 

Chilomastis: magna Becker 
(Plate 30, or-o) 

ChUomastix magna was found present in abundance in the caecum of all four 
specimens of Citellus tridecemlmeatus from Michigan. Becker (1926) re¬ 
ported it in all of twenty specimens of this squirrel. In Citellus beecheyi at 
Hastings Natural History Reservation and in Citellus beldingi at Tuolumne 
Meadows and Reds Meadow it was less frequent, being found in small num¬ 
bers in some squirrels and not at all in others. Sassuchin (1931) reported 
the flagellate in 60.7 per cent of 242 Citellus pygmacus in Russia. In Citellus 
lateralis we did not observe this flagellate. 

Chilomastix magna has a size large in comparison with that of C. mesntli, 
but flagellates of the genus from many other hosts are as large or larger. Fked 
specimens from Citellus tridecemlmeatus ranged in length from about 12.5/t 
to 22/i and in width from 8/* to 10.5/*, fifty-two specimens having an arithmetic 
mean in these dimensions of 15/* x 8.5/*. The flagellates from Citellus beecheyi 
had a length of 13.5/* to 23/*, a width of 7.5/* to 11.5/*, and a mean of 16.5/* x 
8.5/*. These measurements are m essential agreement with those reported by 
Becker (1926), although he found the range to extend about 2/* lower in length 
and width. Flagellates of the genus Clnlomastix in many other rodents are 
of comparable size or a little smaller; but C. aulasiomi, C. caulleryi, and 
Chilomaslir sp. from Bufo vulgaris described by Bishop (1935) are larger. 

The shape of the body is that characterislic of tlio genus; the anterior end 
is broadly rounded and posteriorly there is a moderately long, pointed caudal 
process (pi. 30, a, b). The length of the caudal process, which is included in 
the body length given above, ranged from 3.5/* to about 6/* in specimens from 
C. tridecemlmeatus and from 3.5/* to about 7/t in specimens from C. beecheyi, 
averaging 4 6/* in each. 

Studies of the flagella were made by dark-field illumination in living mate¬ 
rial from Citellus tridecemlmeatus. There are three anteriorly directed fla¬ 
gella about 9-10/* long (pi, 80, c). They are the same thickness for all of their 
length or appear somewhat enlarged at the distal end. In dark Add the ter¬ 
minal part has a more intense brightness. The posteriorly directed flagellum 
is considerably shorter than the others and appears to be less stout, but still 
it diows very plainly in dark field. Its imdulatory activity is rapid and there 
is a rather wide translation in its position, but it does not leave a particular 
region over the <gd»stome. "When the flagellar movements slow down after the 
flagdlate has been for some time in a parafSn-sealed preparation, the activity 
of the anterior flagella is reduced more lhan that of &e cytostomal flagellum, 
which may continue rapid movement when the other flagella move very slowly. 
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It may be observed both in living and prepared specimens that the three 
anterior flagella originate separately from the body and are distinct from one 
another for all their length (pi. 30, a, &, c). There is no common grouping at 
the base as in trichomonads. There are three granules at the anterior end of 
the body, one at the base of each of the flagella. Two of the granules are close 
together and the third is separated from them by a somewhat greater distance 
(pi. 30, c). The third granule is closer to the anterior edge of the cytostome 
than the others (pi. 30, 6). The third flagdlum is often directed forward 
parallel to the others; but at other times it is directed away from them toward 
the left, sometimes almost pai*allel to the transverse axis of the body (pi. 30, a ), 
or even directed somewhat posteriorly. 

The fourth flagellum was best seen in preparations that had been fixed in 
Champy’s fluid and stained in Heidenhain’s iron-haematoxylin. As it appears 
in stained material, it originates under the anterior margin of the cytostome 
and passes posteriorly above the cavity of the cytostome. In many specimens 
it turns outward, free of the opening (pi. 30, a). At its proximal end this 
flagellum evidently runs from within the anterior depression through the 
cytoplasm to meet a granule or granule-complex anterior to the nucleus and 
close to its membrane. For certainty in demonstration of this granule, the 
origin of the fourth flagellum, and possible fibrils that connect the granule 
to the three granules of the anterior flagella, the material studied did not 
suffice. There are indications of the existence of interconnecting fibrils, but 
errors resulting from preconceptions are easily made in connection with sup¬ 
posed structures of that sort. 

Beginning at the anterior end of the body at a distance of 2/i or 3/» ventral 
to the apex, and extending along the region ventral to the nucleus, is the 
cytostome and the complex differentiations associated with it. It has not been 
possible for us to obtain a complete understanding of this structure, but a 
number of things about it have been dearly observed. 

The depression passes deeply into the cytoplasm; it is not superficial Its 
anterior edge has a rounded margin and at this margin is a fibril which there 
stains deeply with iron-haematoxylin and is fairly thick (pi. 30, d ). The fibril 
passes posteriorly in the right and left margins of the cytostome. On the left 
side it is confined to the superficial border and is rather slender. After foEow- 
ing a fairly straight course, it comes to an end (pi. 30, b, /). On the right border 
the fibril not only extends along the whole length of the cytostome, but pos¬ 
teriorly it turns in a loop and passes deeply into the csduplasm. About midway 
between the anterior edge of the cytostome and the loop there is a curvature 
of this structure toward the left, a feature which gives the cytostomal area 
the appearance of being constricted in the middle (pi. 30, J). Posterior to the 
curvature the structure stains deeply and is not a simple fibril but a band 
broadened in a direction vertical to the surface. Its band form can be seen 
readily when the cytostome is observed at the left or right margin of the body. 
The posterior part of this filament shows clearly in some specimens and is not 
visible in others that are similarly stained, so there seems to be variation in 
its degi‘ee of development. 
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The posterior part of the looped filament, which lies deep in the cytoplasm, 
runs parallel to a cytoplasmic differentiation of elongate, somewhat rectangu¬ 
lar form which begins anteriorly in the region of the anterior border of the 
cytostome (pi. 30, /). When this differentiated region is observed in a position 
where the cytostome faces tlie observer, it bends under the anterior part of 
the cytostome to the region of a giaiuilo anterior to the nucleus to which the 
flagella may ultimately connect Observed from this aspect the structure is 
not very wide. Seen from a position at right angles to this, with the cytostome 
at the right or left edge of the body, it appears very broad. It is not an empty 
tube or sac, but is a cytoplasmic structure that appears vacuolated in this 
fixed material. Its composition resembles tliat of the cytoplasm elsewhere, but 
it appears denser. In its posterior part it often continues without any sharp 
demarcation into the general cytoplasm. It cannot be regarded as a definite 
mastigont structure, but seems rather to be a differentiated region of cyto¬ 
plasm associated with the pocket into which the cytostome leads. 

There is reason to believe that the open c 3 d;ostome does not occupy the whole 
region from the anterior margin to the posterior loop. The posterior part of 
the right fibril, botli at the loop and for a distance anterior to it, appears not 
entirely superficial in position. The cytostome may actually comprise only the 
oval region anterior to the curvature, between the left fibril or margin and 
the less deep-staining part of the right fibril. 

The nucleus (pL 30, g-o) is spherical and ranges in diameter from S/i to 4^ 
averaging about 3.5j«. In the nucleus, granules are dispersed in the interior or, 
exceptionally, aggregated in a central chromatic mass. There is peripheral 
chromatic material which is often massed in one or two plaques against the 
nuclear membrane. Frequently a plaque lies against the anterior edge of the 
nucleus. The plaque or plaques vary in size, form, and position. Sometimes 
there are no plaques, but the peripheral chromatic material is distributed in 
smaller bodies interior to the nuclear membrane. The peripheral chromatic 
material stains deeply with iron-haematoxylin and impregnates with protein 
silver. It also stains with Delafield’s haematoxylin. 

It is probable that the various species assigned to CkUomastix constitute a 
genus which is homogeneous in basic structure, and that the discrepancies in 
existing accounts will eventually be modified and reveal this homogeneity. 

CMlomastix magna seems from Becker’s account to differ from all other 
species in that “there is often a tuft of short bristly cuticular projections in 
the region of the flagella.” These projections have not been seen in the material 
we have studied, and it is likely that there are no such structures belonging to 
the flagellate. Microorganisms lying near the base of the flagella might result 
in that appearance. 

The existence of three separate granules from each of which an anterior 
flagellum originates, is in agreement with descriptions of some other species 
(Dobell and O’Connor, 1921; BSlaf, 1921; and Bishop, 1935). In CkUomastix 
magna these granules appear constant in position at the anterior edge of the 
body and do not form a compact mass. The number of anterior flagella seems 
to be constantly three. 
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In the present studies of ChUomastix magna no evidence has been found 
that the three anterior flagellar granules are connected directly to one another 
or that any one of them is directly related to the (grtostomal flagellum or to 
the pericytostomal fibrillar organization. The observations on the ground 
squirrel flagellate in this respect do not support the accounts of ChUomastix 
by Kofoid and Swezy (1920), Becker (1926), or Grass4 (1926). The cyto- 
stomal flagellum has a separate origin v?hieh probably is like that shovm by 
Bishop (1935) in her account of ChUomastix from Bufo. In that species there 
is a fourth granule posterior to the others. In C. magna there is a stainable 
body close to the nucleus, as Chang (19355) found in C. oilonga; but whether 
it may consist of two or three blepharoplasts, as Chang supposed, was not 
determinable. 

Mor4nas (1938) affirmed the existence of an undulating membrane in C. 
lettenoourti, as Kofoid and Swezy (1920) and others had done in other 
q)eeies. Mordnas based his statement on his observations in living material 
of regular undulatory movements of the cytostomal flagellum. Our dark- 
field observations on undulatory movements in one fixed region of this flagel¬ 
lum in C. magna gave an impression of an undulating membrane, but it should 
not be supposed that one can therefore affirm the existence of that structure. 
Certainly that is not the only possible interpretation of the observations. The 
cytostomal flagellum passes over a deep depression, and there is nothing to 
show where such a membrane could be attached. The flagellum is certainly 
largely free in many fixed specimens. 

In most accounts of ChUomastix, the cytostome has been considered to be 
extended as far posteriorly as the loop of the fibril, and to be broadly rounded 
at both ends sometimes with a narrowed isthmus in the middle part. There is 
an exception to this concept in Chang’s account of ChUomastix ollonga. 
(19355). He observed the cytostome to be pointed posteriorly, and not to be 
extended in that region to the looped fibril. There is evidence that a similar 
situation may obtain in ChUomastix magna, though in it Ihe cytostome may 
not extend so far posteriorly and has more of an oval shape. The pouch interior 
to the cytostome is extended more widely, so that there is a shelf of protoplasm 
overhanging the pouch in the posterior paxt. 

The structural differentiations associated with the cytostome and the pouch 
into which it leads have been described and interpreted in diverse ways. Prior 
to the work of Kofoid and Swezy (1920) authors generally spoke only of 
siderophile margins of the cytostome. Chalmers and Pekkola (1918) had, how¬ 
ever, supposed that the siderophile rim, continuing around the cytostome 
posteriorly, connects anteriorly on each side to a separate blepharoplast. 
They wrote, somewhat vaguely, of a homology of the “outer siderophilous 
rim” to the parabasal or chromatic thickening at the base of the undulating 
membrane of Trichomonas, and believed that it grows backwards from the 
blepharoplast. 

Kofoid and Swezy (1920) were influenced by Chalmers and Pekkola’s 
account in considering Idiat the anterior connections of Idle siderophile rim are 
separate, earii side to a blepharoplast, but they also observed that the 
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stractnres are not continuous posteriorly; thus according to their concept 
there are two separate fibrils, one on each side of the cytostome, connected 
separately to blopharoplasts. These fibrils, they wrote, do not actually He in 
the rim of the cytostome, which is completely encircled by an inner peristomal 
fibril not directly related to either of them. 

Many later aecotuits have been iiilluenced by the precise description and 
diagrams published by Kofoid and Bweay (Lciva, 1921, Chilomastix iniesU- 
mUsj Boeck and Taiiabe, 1926, Chilomastix gallinarum; Becker, 1926, ChUo- 
mastix magna; Grass6,1926, Chiloniasiix eaulleryi); but our observations on 
the eytostomal structures of C. magna are more nearly in agreement with the 
description by BSiaf (1921) of Chilomastix aulostomi and that by Bishop 
(1935) of Chilomastix sp. from Bufo uvlgaris than with Becker’s account of 
the ground squirrel flagellate. Bclaf remarked that the supporting fibrils 
(Stiitzfibrille and Parastyl) are connected neither to one another nor to a 
basal granule, but end anteriorly, as well as posteriorly, free in the plasma; 
the Parastyl bends around the anterior margin of the cytostome. Bishop 
(1935) noted that in the full grown flagellate the peristomial fibrils are not 
connected with the basal granules of the flagella. Qeiman (1935) remarked 
that he saw evidence in cysts of Chilomastix from Macaeus irus that the 
eytostomal fibril is only one structure, so that the two fibrils are connected 
anteriorly and do not run separately to blepharoplasts. He found that the 
anterior curve is in prozimity to the blepharoplast from which the buccal 
flagellum extends. In the division process, however, in the species he studied, 
new buccal fibrils are reported to originate in connection with blepharoplasts. 

Becker’s diagram (1926, pi. 1, fig. 12) shows the peristomal fibrils of 
Chilomastix magna ending anteriorly each in a basal granule, and the two 
granules are connected by a transverse strand. This diagram would be brought 
into agreemeirt with our observations if the granules and strand are actually 
only part of the fibril on the left side of the cytostome which encircles the 
anterior margin; an impression of granules could be given in focusing when 
no such stimclui'es actually exist. 

The long posterior extension of the right fibril, following the loop, was not 
seen by Becker in this species, but it is shown by Sassuchin (1931) in CkiZo- 
mastix magna from Ciiellus pygmaous. A similar posterior prolongation of 
the fibril is shown by Geiman (1935, pi. 3, fig. 31) in Chilomastix intestimUs, 

Certain pubHshed drawings of Chilomastix ^ow that the posterior part of 
the right eytostomal fibril, leading to and including the loop, is not a simple 
structure. It appears bordered by a differentiated area, as is shown in plate 
30, 1. Bishop (1935) stated that this gives the impression of a second and 
deeper fibril in CAiTomosita; from Bitfo. Geiman (1935) showed the broadened, 
often darker area along the right fibril in Chilomastix mesnili from man and 
monkeys and in C. intestmaUs. He wrote of peristomal fibrils appearing as 
faintly staining shadow fibrils under the buccal fibrils, and represented the 
structure in many figures of trophies, cysts, and division stages. In 1910 
AlezeieS had shown a similar differentiation along the right fibril of Chilo¬ 
mastix eaulleryi, and it is indicated in the figures by Boeck and Tanabe (1926) 
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of ChUomastix gdlUnarum. Observations made on GhUomasHx magna suggest 
that the object seen is a broadened structure rather than a simple fibril. It 
narrows to a fibrU again in the posterior part of the loop and the posterior 
continuation 

The differentiated cytoplasmic structure associated with the cytostomal 
depression was called by Becker a parabasal body, but that term is not suitable 
for it. It is not so well-defined and constant a structure as the parabasal body, 
and it is not always sharply delimit ed, at least in its posterior part. Its staining 
reactions are not those of a trichomonad parabasal body, nor is its composition 
in any way similar. Crouch (1936) reported that “Becker’s parabasal body” 
is present in ChUomastix instabUis from a woodchuck. Geiman (1935) found 
a similar differentiation in ChUomastix intestinaUs, and stated that he had 
seen it in isolated cases in all species of the genus studied. In the guinea pig 
ChUomastix he found it both in some adults and in division stages, where it is 
related anteriorly to the blcpharoplasts, along with the buccal fibrils, and 
posteriorly fades out into the general cytoplasm with no sharp demarcation. 

Grasse (1926) described as a parabasal body in C. eauUeryi a structure of 
rodUke form close to the nuclear membrane, attached to a blepharoplast in 
one instance directly (where it lies on the anterior surface of the nucleus, his 
pi. 19, fig. 314), and in another instance by a relatively long filament (where it 
lies more posteriorly against the nuclear membrane, his pi. 19, fig. 313). 
Structures that look like this appear in relation to the nucleus of C. magna, 
but they are plaques of peripheral chromatin within the nucleus. Grass§’s 
drawings do not make it clear that he may not have represented a structure of 
that sort, having been mistaken in regarding it as exterior to the nucleus. In 
the exhaustive monograph of Duboscq and Grass! (1933) on the parabasal 
apparatus of flagellates there is no reference to the parabasal body described 
by Grass! in ChUomastix eaulleryi. 

The detailed account by Dashu Nie (1948) of ChUomastix intestinaUs ap¬ 
peared while this article was in press. There is a similarity between C. magna 
and that species in the size and shape of the body, the relative size and shape 
of the pouehlike eytostome, the length and position of the anterior fiageUa, 
and the position and structure of the nucleus. The body length, as he records 
it, is a little greater, thoxigh the width is a little loss than in C. magna. Accord¬ 
ing to his description, the border of the eytostome is supported by two fibrils, 
but these are shown to be joined to one another around the anterior margin, 
so the appearance is that of a continuous fibril as in C. magna. The left cyto¬ 
stomal lamella was not included in our analysis of the structure of C. magna; 
the characteristics of that structure in the ground squirrel flagellate must be 
determined by further study. Daifiiu Nie did not observe a free flagellum either 
in or protruding from the eytostome. Instead, he found an undulating mem¬ 
brane following a course close along the right cytostomal fibril. The short, 
posteriorly directed flagellum is plainly evident in C. magna; whether or not 
there may be a membranous attachment is a matter of uncertainty, but in 
both living and fixed material there is often a separate, free flagellum. 

It is not easy to differentiate on morphological grounds the several species 
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of Chilomastix that have been described from rodents. Certain differences 
have been indicated in size, shape, nuclear position, and nuclear structure, but 
these are not easily evaluated. Careful study is necessary to establish their 
significance. 

Taxonomic Summary* 

Chilomastix magna Becker 

Chilomastix magna Becker, 1926, Biol. BuU., 51: 288, pi. 1, fgs. 1,2. 

Type host—Citelliis tridecemlimeatus tridccemlineatus (Mitehill). Iowa. (Becker, 1926.) 
Michigan. Mnsenm Vert. Zool., TJniv. Oalif. 96797 2 Xonosyntype slides TP-690: 16,18, 
24,27. 

jidditxonal hosts — 

Citellus pygmaeus Pallas. Kazakstan, B. S. P. Soviet Bepnblic. (Sassuohin, 1931.) 
Citcllus beeoheyi heccheyi (Bichardson). Hastings Nat. nisi. Bos., Monterey Co., Calif. 

Homoeosyntype slides GP-681: 4,15,16,39. 

Citellus beldingi beldingi (Merriam). Tuolunme Meadows, Yosemite Nat. Park, Calif. 
Homoeosyntype slides GP-1075: 3,12. 

Diagnosis, —(From type host): length 15 ( 12 . 5 - 22)^:15 width 8.5 (8-10.5)/t; caudal 
process, included in above length, 3.5-6yu long; throe anteriorly directed dagcUa, originating 
separately at base, 9-10/a long; recurrent flagellum about half this length, not attached in 
membrane; cytostomal depression deep, bordered on loft and right margins by a flbril that 
continues around the anterior edge, two flbrils separately joined to blepharoplasts not 
present; fibril on right margin turned in a loop posteriorly and passing deeply into 
cytoplasm; elongated cytoplasmic difierentiation present near the inner region of the cyto- 
stome; no parabasal body present; nucleus anterior, spherical, diameter 3-4/a. 


Monocercomonoides pilleata n. sp. 

(PI. 

Becker (1926) reported from Citellus trideccmlincatus a small flagellate 
which was usually present in large numbei‘s in the caecum, and which he 
designated Trichomonas sp. Studies of that flagellalo have convinced us that 
it is a species of Monocercomonoides, It occurs in all ground squirrels of the 
species C, beccheyi, C, belding% and C. tridecemlincatus that we have ex- 
aanined, and in them it is by far the commonest and most abundant flagellate. 
It was found in only one of nine individuals of Citellus lateralis chrysodeirus 
taken near Rainbow Falls, and in the caecum of that individual host it was 
the only flagellate present. In Citellus pygmaeus, Sassuchin (1981) did not 
list this flagellate separately, but his figures 48 and 49 indicate that he prob¬ 
ably included it with the species he named Tetratrichomastix citelU, 

* The terms used in designation of type slides have the foUowing meaning: 

SYNTYPB: Slides bearmg specimens that come from the lype host and upon which the 
original description is based. 

XENOSYNTYTE: Slides from the type host selected for representative specimens, but 
not bearii^ the specimens of the original type designation or original description. 

HOMOEOSYNTYPE: Slides bearing specimens from other hosts than the type host, the 
specimens having been compared with me original syntypes or xenosyntypes and found to 
be consp eeifle. 

HYPOSYNTYPE; Slides bearing specimens used in correctiag or extending the account 
of the aperies, but not from the type host and not compared with the original l^es. 
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Becker stated that “Trichomonas sp.” is elliptical in form and 6.5—10/* in 
length, Trith an axostyle projection of 2-3/*. Fifty specimens in our material 
from CiteUus tridccemlineatus ranged in length from 5.7—8.0/*, in width from 
3.4-5.7/*, averaging 6.9 x 4.C/*. Flagellates from CiteUus beecheyi ranged in 
one series from 5.2-9.!/* x 3.4-8 0/*, and, in another from 5.7-10.9/* x 4.0-6.9/*, 
averaging in the two series 6.9/* x 4.6/* and 8.6/* x 5.7/*. The projecting axoslyle 
has a length of about 1-4/*, averaging about 2/*. 

Studies were made of living flagellates from CiteUus beecheyi observed by 
dark-field illumination. These showed a body form rounded anteriorly and 
posteriorly, with a projection of the axostyle of about 2/*. The length in this 
living material ranged from about 7/* to 11.5/*. Observations on the flagella and 
the activity of Monocercomonoides dtelU were made on flagellates from both 
C. beecheyi and C. tridccemlineatus. 

There are regularly four flagella, although a few specimens were seen in 
which one was missing. Once, a flagellum was seen to become detached while 
the specimen was being observed in dark Add. One of the flagella is constantly 
recurrent and is applied to the body surface in the anterior part of its length. 
This flagellum is longer than the others; in living material it ranged from 
10-20/*, and in silver preparations 12-21/*, averaging 15.5/*. The other three 
flagella ranged from 7-11.5/* in living material and in silver preparations 
from 8-13/*, averaging 9.75/*. 

The three anterior flagella are entirely separate from one another to their 
base, never forming a group as in Trichomonas (pi. 31, a). They extend in 
different directions from the place of leaving the body. In what appears to be 
normal activity they are often directed backward over the surface of the body. 
Some living flagellates were observed in which these flageUa were not at any 
time flung forward beyond a plane transverse to the apical end of the body; 
in others they were at times directed anteriorly, and in preparations they 
may be found fixed in both positions. The flagella move with great rapidity 
when the flagellate is in good condition. When kept in one field under dark- 
field illumination, the flagellate is rapidly affected, the body rounding up and 
the flagella soon stopping activity, the recurrent flagellum often becoming 
motionless before the anterior flagella do. The movements and interrelations 
of the flagella are very different from those of trichomonads. 

It may be clearly seen in protargol preparations that each of the flagella 
has a terminal fiOlament which is often 2-3/* long (pL 81, f). This is different 
from the situation in trichomonads, in which only the posterior flagellum 
regularly ends in a filament, the anterior flagella terminating in knobs or 
deeply impregnating granules. 

The organelles connect to two blepharoplasts at the anterior end of the body; 
the blepharoplasts are separated from one another by about as much distance 
as the diameter of nucleus (pi. 31, a, d, /). To one of the blepharoplasts two 
anterior flagella coimect; the other gives origin to the third anterior fliagdlum, 
the longer recurrent flagdlum, and the arostyle (pL 81, f). The two blepharo¬ 
plasts are joined to one another by a tran^erse filament (pL 31, a). 

The recurrent flagellum is applied to the surface of the body for about half 



324 University of California Publications in Zoology 

the body length, or somewhat more (pi. 31, /). At the periphery of the body, 
along this region of adherence of the flagellum, there is a differentiated 
structure that is plainly and regularly demonstrated in protargol prepara¬ 
tions (pi. 31, b, e, e, /), but is not evident in iron-haematoxylin stains. In the 
silver preparations it is so regularly shown, and has so definil e a structure that 
we feel certain that it is truly an organcl Ic of the flagellate, and is not a result 
of fortuitous silver deposition. The struct live suggests the costa of a tricho- 
monad in its morphology and relationship to the trailing flagellum, but it 
differs from that in its failure to .stain by iron-haematoxylin. It originates at 
that one of the blcpharoplasts which gives origin also to the recurrent flagel¬ 
lum and the axostyle. It is a rod of fairly uni Conn size for all of its length, 
which reaches to or somewhat beyond the middle of the body. The flagellum 
typically parallels the rod for all of that length, but sometimes it is separated 
from it in the posterior part, and occasionally entirely. 

The axostyle is a rod which in specimens of larger size often has a diameter 
of about 0.5-0.75fi. It is not enlarged in its anterior part, which passes in close 
contact with one side of the nucleus and ends in the region of one of the 
blepharoplasts (pi. 31, a, o, e). Many specimens show a definite connection to 
that blepharoplast. In iron-haematoxylin preparations it is often well stained. 
There is much variation in the degree of impregnation of the axostyle by silver. 
In some specimens it is solidly black in all its part posterior to the nucleus, and 
in others it is light. Moderately impregnated specimens show a stain of the 
sheath of the axostyle, and of granules or patches of stained material that 
either lie against or are incorporated into the sheath. 

The posterior end of the axostyle normally projects for a short distance 
from the posterior end of the cytosome (pi. 31, a, b, f,k). The projecting part 
is sharpened like a pencil point, and either is not greater in diameter than the 
preceding trunk, or is somewhat enlarged in spearhead fom. 0 ften there is in 
fixed material a greater amount of projection, including part of the trunk as 
well as the sharpened end; but it is not likely that this is representative of 
conditions in the normal living flagellate. At the beginning of tlie region of 
sharpening, there is an iron-haemaloxylin staining ring which is closely ap¬ 
plied to the axostyle. The position of this ring is constant in relation to the 
axostyle; it may coincide with the posterior end of the cytosome, as is prob¬ 
ably the normal condition, or it may be carried to a distance from the body 
with a greater amount of axostylar projection. 

A structure that in position and staining reactions resembles the pelta of 
Pentatrichomonas hominis is present in the anterior part of the body (pL 
81, h). It may be demonstrated very clearly by silver impregnation. The pelta 
is a membrane that passes transversely around the nucleus (pi. 31, b, o, e). 
It is broad at its beginning, which is in close proximity to that one of the 
blepharoplasts to which the recurrent flagellum and axostyle connect. It 
curves transversely, and in its distal part it is tapered, ending as a sharpened 
membrane that is commonly prolonged in a filament several microns long. 
In overimpregnated material the pplta appears as a continuous cap. When 
the details of its struoture can be seen, it appears to be very consistent in shape. 
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When obsei*ved from a partly anterior aspect, it sometimes shows a crescentio 
form (pi. 

The pelta is not eomplotely clemonstratod in iron-haematoxylin prepara¬ 
tions, and the staining of the niielens then makes it difiScalt to study. Its 
presence would not liave been recognized witliout the silver preparations. 
Nevertheless, i)artK of llie ]>clla may b(‘ stained by ix'on-haematoxylin. Often 
the anterior, curved edge is stained, and this may appear to be a heavily 
stained curved bar cxI ending between the blepharoplasts. Parts of the mem- 
branOTis structure elsewhere, especially at an optical section of a cuiwe of the 
membrane, can som('tinies also be made out. 

No parabasal body has been seen in Monoccrcomonoides pUleata. The 
studies tliat have been made of well-impregnated silver preparations consti¬ 
tute a reasonably sound basis for concluding that probably there is no para- 
basidbody. 

The nucleus is situated always in the anterior part of the body with its 
anterior margin close to the blepharo))]ast8 (pi. 31, a). It is spherical with an 
average diameter, in fixed material, of 2 3/*, and a range of 1.7-3.4/1. In 
material that has been mvicli desta ined after irou-hacmatoxylin, a large spheri¬ 
cal endosome may remain deeply stained while in the region of the nucleus 
around it there is little or no cliromatic material. The endosome is generally 
central in posit ion, but sometimes it is shifted toward one side of the nucleus. 
In heavily stained preparations the contents of the nucleus may be stained 
black throughout. According to the degree of dcstaiuing, the zone surrounding 
the endosome may be seen to bo occupied by a varying amount of material; 
sometimes it is present 1 hroughout the zone, or it may be largely restricted to 
the region ad,iacent to the nuclear membrane. 

Clear areas are present in the cytoplasm ad,iacent to the nucleus in many 
specimens of UlonocvrcomonoHcs pill fata. The commonest position for a clear 
area is adjacent to the side of the nucleus opposite the axostyle. There are 
sometimes also clear ar<'ns adjacent to the posterior part of the nucleus, or 
adjacent to the region where tlu* axostyle ext ends along the nucleus. The extent 
and boundaries of these areas vaiy greatly; often no clear areas are present. 
The clear area against the nucleus opposite to the axostyle maybe especially 
well defuKsl and (*rcsc<>iitic in shape in optical section. There is no sharp 
boundary of these ar<>HS that has the oharaeler of a membrane. The regions 
appear to be no iTiore than part of the general cytoplasm from which granules 
and staiuable material are absent. The boundary of the granular cytoplasm 
adjacent to the clear area may or may not appear as a relatively even edge. 

Wenrich (1946) stated that the genus IfoMOceromonotdes Travis, 3 932, has 
species in scarab beetle larvae, crane fly larvae, mole crickets, cockroaches, 
wood-eating roaches, termites, amphibians, and mammals. Among mammals, 
he mentioned its occurrence in Peromyseus, Marmota, Thomomys, guinea 
pigs, and rabbits. Several species from mammals have been named. Monoeer- 
eomonoides hassalU (Ounha and Muniz, 3927) was originally described as 
monoecreomonas eaviae by Otmha and Muniz (1921). The species of Mono- 
cereomonoides in mannots is probably the flagellate that was described as 
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Trichomonas digranula by Crouch (1933). Monooercomonotdes cunhai (F. da 
Fonseca, 1939&) occurs in abundance in the caecum of Ooelogenys pocco in 
Brazil. Monocerconionoides caprae Das-Gupta, 1935, "was found, in the rumen 
of goats in India. 

The species in mammals arc similar to one another in size and shape. They 
all possess four flagella in two pairs. In Trichomonas digranula a (ifth flagel¬ 
lum, recurrent and applied to the surface of the anterior part of the body, 
over a costa, was described. The systematic position and structural features 
of that marmot flagellate are uncertain, pending further information about it. 

In most speeies the four flagella are more or less equal in length and are 
shown free ot* contact with tlie body surface Grassti (1926) mentioned that in 
M. melolonthae one of the flagella is sometimes much longer than the other 
three and trails posteriorly, as was also reported by Jollos (1911) in M. 
ceioniae, which Grassf' considered to be a synonym of M. melolonthae. That 
arrangement of the flagella, which is a regular feature of M. pilleafa, occurs 
also in Monocorcomonotdes lacaiae, as described by Tanabe (1933). 

Drawings that accompany the descriptions of Monocercomonoides cunhai 
(F. da Fonseca, 19396) and M. caprae (Das-Gupta, 1935) show a relatively 
large, rounded protuberance anteriorly, between the two blepharoplasts. A 
flimilar protuberance is present in some speeies of M. pilleafa (pi. 31, A), in 
which it is the region occupied by the polta. No structure that corresponds to 
the pelta has been described in any other species of Monocercomonoides, but 
very probably it exists at least in some of the other mammalian forms. Pos¬ 
sibly Das-Gupta’s report of the chromatic line bordering the anterior edge 
of the body of M. caprae resulted from observation of an edge of the pelta. 

Tanabe (1933) stated that in M. lacertae the cytostome is an opening at the 
anterior edge of the body, with a short cavity leading into the interior along 
the major axis of the body. Cunha and Muniz (1921) identified a clear cres¬ 
centic area alongside the nucleus of M. hassalU as the cytostome, the existence 
of which they considered to be a characteristic feature of the speeies, as it had 
not been described before in flagellates of the genus. A similar clear area in 
M. cunhai is referred to as a cytostome by F. do Fonseca (19396). Butschli’s 
statement (1884) about a depression near the base of the flagella as possibly 
a mouth opening—aside from uiioertjanty whether ho was writing about the 
flageUatos in the present genera Monoeercomonas or Monocercomonoides— 
probably does not refer to this interior clear zone. A similar statement was 
made by Das-Gupta about a slight depression anterior to the nucleus of 
M. caprae. 

Struetural differentiations comparable to those mentioned by authors as 
the cytostome can be seen in many specimens of M. pilleata. But we have 
failed to find sound evidence, either by study of the literature or by observa¬ 
tion, that comparison with a definitely formed cytostome, like that in ciliates, 
is in any way justified. The clear regions beside the nucleus are deep in the 
body, surrounded by other cytoplasm. Only the part where this region might 
open to the surface anteriorly could properly be termed a cytostome} but 
there is no evidence for the existence in If. piUeata of such an opening. 



Kirhy—Uonigberg: Flagellates of Caecum of Squirrels 327 

Taxonomic Summast 
Monocercomonoides piUeata &. sp. 

Triehoiaonas sp. f, Beckor, 1936, BioL BnlL, 61: 293, pi. 1, figs. 17,19. 

Type ho8i»—Citellus tTideoemlmetUvs indeoemili^tectus (Mitdhlll). Mnsoum 

Vort. Zool., XJniv. Calif. 96797 % Syatype slides OP-690; 2,8, 

AddiUonal lioiti — 

CilelVus hcccJifyi 'bcecheyi (Rxeliardson). Berkeley, Oalifoniia. HomoeosyntTpe slides 
GP-093: 2,3. 

C%tolhi8 hcldinoi Vcldmgti (Meiriam). TuolTunne Meadows, Califomia. HomoeosTiitTpe 
slide QP-1074; 3. 

Citellus lateralis chrysodeirus (Mcrriam). 'Poseioite Nat. Paik, Califoioia. Homoeosyn* 
typo slide QP-1077: 3. 

Diagnosis. —^Tjcnglli 5.7-8/» in typo host, average 6.9/t, range 5.2-10.9/t in 0. leeoJieyi; 
width 3.4-5.7/1 in typo host, average 4.6/i, range 3.4-8;i in C. beeeheyi; four flagella in two 
pairs, three dirootod variously, length 7-13^, one recurrent and adherent to body surface 
for about half the body length, length 10—21ja; rodlike, silver-impregnating structure at 
periphery, along region of adheronce of flagellum; axostyle rodhke, slender, projecting 
posteriorly 1-4/u, with ring at place of omorgonce; curved, pointed, silver-impregnating 
membrane, the polta, in pcripheial cytoplasm of anterior part of body; nucleus anterior, 
spheroidal, 1.7-3.4/t in diameter. 

Hesamitus pulcher Becker 
(PL 32, a-if-gl. 33, g, h) 

Eezamitus pvlcher was found by Becker (1926) in most specimens of CiteUm 
tridecemlineatus that ho examined, and the flagellates were present in abun¬ 
dance in the caecum of the four ground squirrels of that species which we 
studied. Sassucliiii (1931) reported H. pulcher in the majority of specimens 
of Citellus pygmacus.We found it to be present commonly in Citellus heeeheyi. 
In Citellus hcMingi it was present in only two of the animals examined at 
Beds Meadow, and in none at Tuolumne Meadows; in the infected ones it 
occurred in small numbers in the caecum. The flagellate was not found in 
Citellus laierahs rkrysodeirvs. Most of our studies have been made on the 
flagoUalcs from the typo host. 

Becker recorded the size as 8-lOfix 6-7;s(, and Sassuchin reported it to be 
6-8ju X 5-6/*. h’ifty specimens from C. IridecemXineatus ranged in length from 
6.3-10.3/1 and in width from 8.4r-6.3/i, averaging 8.6/t x 4.6/*. These measure¬ 
ments cover the whole range in both the apparently separate groups in the 
accounts by Becker and Sassuchin. The normal shape of the species is more 
lender than that indicated in Becker’s account. 

Our studios have been made on flagellates some of which were stained by 
iron-haematoxylin, and others impregnated by protein sUver. In specimens 
prepared by the former method, which has been used in practically all studies 
of the gOTius, little was observed at finst that differed essentially from pub¬ 
lished accounts. Silver impregnation has not, so far as we know, been used 
before in studios of Hoxamius, and it has revealed some features of consid¬ 
erable interest. After studies had been made of the diagrammatioally clear 
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silver preparations, it was often possible to find similar features, which we 
had not previously recognized, in the iron-haematoxylin stained material. 

The six anterior flagella become free at positions around the sides of the 
body at a level several microns posterior to the anterior end (pi. 82,«, d; pi. 33, 
A). In accordance with the manner of their origin, the anterior flagella all 
tend to bo normally directed backward. That position has becni observed in 
dark-field studies of living tiagellatcs, jus well as in fixed material. The free 
parts of the flagella have a length of fj-H/x. 

The free parts of the flagella originate at the posterior ends of six rodlike, 
silver-impregnating differcutiatlons, which ai'C situated at the periphery of 
the body lateral to tlie nuclei (i)l 32, f). The length of these rods is 1.7-3.4/I. 
Four of them are in tw'O pairs, in which they meet anteriorly to form V’s 
(pi. 32, e,f,g). These two V’s have been observed in all specimens studied. 
The rods forming the limbs of the V meet at the apex, but we are unable to 
state whether or not they are actually joined, as tliey appear to be. The re¬ 
maining two rods are single. In most specimens these rods alternate with the 
V’s (pi. 32, e, f), but in some they are paired (pi. 32, g). 

It has not been possible for ns to trace the flagella anteriorly beyond the 
point of meeting with the posterior ends of the rods. It is possible that they 
continue anteriorly parallel and adjacent to the stouter differentiation, but it 
may be true that the irapregnat ing structure is a modification of the adherent 
part of the flagellum itself. The sharpness of differentiation of the V’s and 
rods, and their constancy in form, indicates tlicatthey constitute definite struc¬ 
tures, and are not to be explained as the results of capricious silver deposition. 
In favorably stained iron-haematoxylin preparations it was possible to find 
rods and V’s of the same form as those demonstrated by the silver technique 
(pi. 32, ^), the only difference being that they appeared more slender. 

We have not observed blopharoplasts of granule form in which the flagella 
terminate, although these were clearly seen in other species of flagellates on 
the same slides. In the proximal parts of the flagella the only structures seen, 
either in iron-haematoxylin or silver preparations, were the rods and V’s de¬ 
scribed above. Further studies of the flagellate nuiy revcjil tnore detjiils of 
stnieturo, as Uio oxiHlone.o of blepharoiflasts and Jin integrat ion of the flagellar 
organization is to be expected. 

The axial structure in Hcramikm jmlcher appears as though it were a single 
axostyle, extended posteriorly in a e,audal point (pi. 32, a, d). The strneture 
may be slained deeply and solidly, as is shown in the figures by Becker and 
Sassuohin. When the stain is not so heavy, the character of the pointed pro¬ 
jection can be seen more dearly, extended into a pointed protuberance of the 
cytosome (pi. 32, i, c). In iron-haematoxylin preparations the rodlike axial 
structure is bordered by deep-staining, rather stout filaments, which begin 
anteriorly in the vicinity of the nudeus (pi. 82, J; pi. 83, A). These do not 
parallel the axial rod in a strictly longitudinal direction, but are somewhat 
twisted around it. The stainable stout filaments Icndnate posteriorly at the 
sides of the pointed end of the axial rod, and from these points there continue 
the caudal flagella. The stainable filaments are no doubt the intracytoplasmic 
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parts of the flagella, which are thickened or related to some stainable cyto¬ 
plasmic structure. These intracytoplasmic flagella, however, apparently do 
not account for the entire axial structure of this flagellate. 

At the posterior end of the body, somewhat anterior to the pointed posterior 
projection, the axonemes of the flagella diverge, so that there is a spearhead 
form in optical gectiou (pi. 32, c, k ). At the broadest part, which is the place 
of emergence of the flagella, silver impregnation shows what appears to be a 
ring (pi. 32, a). The caudal flagella have a length of 5.7-7.5ju. 

Anterior to the nuclei, at the apex of the body, silver impregnation shows a 
caplike structure (pi. 32, a, d). 

The nuclei are ellipsoid iu shape with a length of about 1.5/* and a width 
of about half this (pi. 32, d/ pi. 33, g). Their anterior ends are close together 
near tiie anterior end of the body. Their longitudinal axes diverge, so that 
the nuclei remain in contact with the sides of the rounded anterior surface of 
the body. The nuclei appear quite empty of stainable chromatin, but there is 
a rounded body, which stains deeply with iron-haematoxylin, at the posterior 
end of each one (pi. 33, g). This is evidently an endosome. 

Becker reported the presence in the cytoplasm of numerous spherules which 
he was able to stain with Janus Green. Our studies did not include living 
material stained intra vitam, and because the spherules often are either absent 
or are not stained after fixation we did not ^d them regularly. They were 
present in the material impregnated with protargol, which had been fiyed in 
Hollande’s fluid (pi. 32, d), indicating that probably it is the method of 
demonstration after fixation, rather than the dissolving action of the fixative, 
which accounts for the failure to find them in some material. In a series of 
slides from Citellus heldingi fixed in Bouin’s fluid, the cytoplasm of Hexa- 
mitus pulcher contained many of these spherules deep-stained by iron-haema¬ 
toxylin (pi. 33, h ). 

Before entering upon a comparative account of Eexamitus pulcher in rela¬ 
tion to oGier species, it is desirable to give a statement in explanation of our 
spoiling of the generic name. The original spelling by Dujardin, 3838, was 
Tlexamila. The spelling Ifexamitus is attributed in Neave’s Nomenolator Zo- 
ologious to Doflein, 3932; but in both author and date that is an error. 
Eexamitus was used by Biitschli (1884); was adopted by Klebs (1893); was 
used by Wenyon (3907); and was employed in Doflein’s work of 1901 as wdl 
as in various editions of the Lehrbueh der Protosoenkunde. The word is 
obviously derived from the Greek ylros, and -mita is not an acceptable trans¬ 
literation. We believe that in agreement with article 19 of the International 
Rules of Zoological Nomenclature the correction is justified. 

Eexamitus pulcher belongs to the group of flagellates for which Lavier 
(1936a) proposed the generic name Syndyomita. In that genus, as he defined 
it, the intracytoplasmic structures related to the posterior flagella are dose 
tc^ether and parallel, adherent, or fused in the median longitudinal axis of 
the body. Lavier gave the name Syndyomita negleeia to a flagdlate of am¬ 
phibia. He remarked, however, that the generic charaoteristios of the flagellate 
are found also in the flagellate of the rat which Prowazek (1904) described as 
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Ootomtus intestinalis. lie thought that confusion woiild be avoided by not 
using Prowazek’s generic name for it, because this had not been defined and 
had been applied indiscriminately to various flagellates of the Hciramita type. 
If there is to be a generic dislinclion •within the Uexamilus group of flagel¬ 
lates, Octomilus with typo intcshnalis has prioril y over Hyn dyonuta with type 
ncglecta, if the rat and amphibian flagellates have tlie same generic char¬ 
acteristics. 

The flagellates of the Jlcxamilvs group differ among themselves in impor¬ 
tant particulars, and it is probable that use of silver techniques will bring 
out still other differences than (hose tliat have been n'ported. No clear-cut 
differentiation can yet be made in gi’oups of characteristics that might be used 
to allocate the fliagellates to different genera. It seems preferable at present, 
therefore, to continue to use the generic name //< xam it vs for all the flagellates 
of the series. 

Wenrich (1930) reported Ifixaniilus pvlchcr Becker from the albino and 
Norway rat, the house mouse, n field mouse, and a grontid squin-el at Flagstaff, 
Arizona. He stated that what appears to be the .sjime species occurs in various 
amphibia. The flagellate in amphibia to which he referred is probably the one 
that was given tlie name Syndyomita neglecta by Lavicr (1936a). Wenyon 
(1926) published drawings of what a'i)pears to be the .same flagellate under 
the name Hexamita intesiinahs Dujardin. Alexeieff (1913) described a flagel¬ 
late of the same sort from amphibia under the name Oclomilvs intpsiinalis 
Prowazek, considering it the same as the one in the rat. The species of 
Eexamitus that occurs in salmonid fish, recorded as Urophagus intcslinalis 
by Moroff (1903), as Ootomitus intestinalis truttae by Schmidt (1920), and 
asOotomitiis salmonishyMoore (3923) and Davis (1926) also appears similar 
to Syndyomita neglecta of Lavier. Moroff and Schmidt thought that they were 
studying the same flagellate that Dujardin (1841) reported from batrachians 
aa Hexamita intestinalis. Dujardin’s brief account does not indicate definitely 
which of the amphibian flagellates he designated by tliat name. Lavier (1936a) 
retained the name Hexamita intistinalis for a flagellate of amphibia which 
has rounded nuclei and widely separated intracytoplasinic flagellar struc¬ 
tures. Tn the genus ITexamitvs, the uam <5 iHf<siinalis is unavailable for the 
mammalian flagellate, hence the name Hexamitus pulcher for the one orig¬ 
inally called Ootomitus imtcslinalis. Hexamitus species reported from Bra¬ 
zilian birds by Cunha and Muniz (1925,1927) os Octomilus aeuminatus and 
0. elongatus have the same type of axial structures. Hexamitus marmoiae 
Grouch, 1934, from the caecum of Marmota monax may be tlte same species as 
the one here described in ground squirrels and other rodents. An account of 
the flagellate in the Norway rat, under the name Syndyomita intestindlds 
(Prowazek), was given by Morinas (1938). 

In some species of Hexmntus the anterior fiageUa are shown as becoming 
free close to their origin in separate small grammes anterior to the nucleus, 
as was wdl shown in Hexamitus gigas of the horse leech by Bisliop (1983). 
Lavier (1936a) indicated this sort of origin of the flagella in his Syndyomita 
neglecta and he also (1936b) showed the flagella becoming free directly at 
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the anterior end in species of llexamitus from marine fish. That mode of origin 
is not true of llexamitus pulehcr, and it appears also not to be true of the 
Hexamttus o£ salmouid fish. 

In Hcxamitus salmonis, Davis (1926) described the origin of the anterior 
flagella in a manner very similac to that we have reported in Kcxamitus 
pulcher. The flagella of II. sahnonis originate apieally, pass for a distance 
along the surfaeo of the body, and become free at the sides. Davis stated that 
“surrounding the base of each llagellum is a deeply staining layer, which 
extends from the axoslyles to the point at which the flagellum leaves the body. 
Owing to this layer, it is often very difflciilt, if not impossible, to distinguish 
a definite granule at the base of the flagella, and one gets the impresaon that 
the blepharoplast complex is formed by the greater development of the deeply 
staining layer at the junction of flagella aiid axostyles.” Davis’s figures, espe¬ 
cially the one of an apical view, show tlu'se rods along the basal parts of the 
flagella in an arrangement very much like that we have seen in Eexamitus 
pulcher, except that all three rods on each side are shown as meeting, instead 
of one of them being separate. This could not easily be established in iron- 
haematoxylin material; silver impregnation aids in arriving at the correct 
interpi’etation. 

Kcxamitus salmonis is a flagellate of larger size than K. pulcher, and both 
the anterior and caudal flagella appear in tlie published figures to be consid¬ 
erably longer. 

The origin of the anterior flagella of JT. marmotae, as described by Crouch 
(1934), is apparently very different from that which we have observed in the 
ground squirrel flagellate, but there may be a closer similarity than the figures 
indicate. Crouch found at the anterior margin of the body two blepharoplasts 
about a micron apart, each giving rise to one anteriorly directed flagellum; 
and at the base of the nuclei two granules, each of which gave rise to two 
flagella passing posteriorly. In the figures, the two posterior granules cor¬ 
respond exactly in position, size, and shape to the endosomes in the nuclei of 
K. pulcher. Tt is probable that in K. marmotae the actual origin of the flagella, 
which may really correspond to that described here in E. pulcher, was not 
seen. It is not unlikely that all of the flagella are directed posteriorly in the 
woodchuck species, the two shown by Crouch as anterior being accidentally 
turned forward from the other side of the body. 

The flagella of Eexamdtus pulcher, as shown by Becker (1926) and Wenrioh 
(1980) are directed more or less posteriorly, or extend laterally from the 
margins of the body, but the regions of adherence to the surface of the anterior 
part of the body were not described. The description of flagellar origin in 
“Syndyomita intesHnaW’ given by Mordnas (3938), might have been derived 
from partial observation of a structure like that we have described in Eexa- 
imtus pulcher. 

In his original description of a flagoUato from the intestine of the rat as 
Prowazek (1904) showed the flagella originating from 
sharply defined basal granules, four of which occupy positions corresponding 
to those of the upper ends of tbo rods in E. pulcher, whereas two axe at the 
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posterior level of the nuclei and correspond more nearly to the posterior ends 
of certain of the rods. The flagella shown by Prowazek are distributed around 
the body in a symmetrical manner, not grouped four on one side as Crouch 
showed in Eexamitus marmotae, and the figure indicates the possibility of 
adherent anterior parts as in Eexamitus pulcher. 

The pointed posterior projection, which resembles the terminal part of a 
trichomonad axostyle, was shown clearly by Prowazek in his original figure, 
and was clearly represented by Becker (1926) and Wenrich (1930,1935). It 
was not shown, however, by Crouch (1931), wlio represented only the divei^- 
ing lateral structures from which the flagella take origin. The structure of 
the posterior end of Eexamitus salmonis, with the lateral funnel-shaped 
chromatic structures (Davis, 1926), appears to be quite different from that 
of Eexamitus pulcKer. 


Taxonomic Sttmmary 

Hexamitus pnlcher Bocker, 1926 

01etomit%8 intesiinalis Prowazek, 1904., Arb. GosirndbAmt., BorL, 21: 88. 

Odtomvtus mtestmalis Prowazek, 1904, Arb. QesundhAmt., BorL, 21: 41, pi. 4, %. 107. 
Sexamitv^ larger form found in caecum, Wonjon, 1907, Arcli. Prolistenk., Supp. 1:193, 
pi. 11, figs. 18,19,22,23 j pL 12, fig. 35. 

Syndyomita intestvrtalis (Prowazek, 1904), Mor6nas, Ann. Univ. Lyon (8), fasc. 1: 64 
fig. 116. ' 

Eexamitus pulcher Becker, 1926, Biol. BuU., 61: 295, pi. 1, figs. 20-21. 

Type hosi,----Oitellmtrideoomlinmtu8 trideoemhneatus (Mitchill).Iowa. (Becker, 1926.) 
Xenosyntype slides GP-690: 1,6, 17*, 692:16, 

Additional hosts ,—(Mammals only; ampMbian boats given by some authors are not 
listed bere.) 

Albino and Norway rat, bouse mouse, and field mouse (Feromysow louoopns), (Wen- 
ricb, 1930.) 

Eat (Bottus worve^/tows) (Prowazok, 1904; Mor^nas, 1938). 

Citcllus pygmaeus Pallas. Kazakstan, E. S. P, Soviet Eopnblic. (Sassuchin, 1931.) 
OUellus beeeheyt beechoyi (Biebardson). JTasUngs Nat. Hist. Eos., Monterey Co., Oalif, 
Ilomooosyntypo slides GP-C81: C, 7,17,20. 

CifelVus beldino'^ bi Idingi (Morriam). Eods Meadow, Madoia Co., Oali£, TLomocosyntype 

slidosGP-n 03 : 6 ; 1101 : 2 . 

Longtb 6.3-10.3/*, average 8.6/*; width S,4r-6,Zfi, avoiago 4.6/*; six anterior 
flagella adberent anterolaterally along or in rodliko structures l,7-3.4/* long, two pairs meet¬ 
ing in. "Ws, free at posterior end of rods, length of free flagella 5-8/*; axial structure present, 
extended posteriorly in caudal point, bordered by deep-staining, twisted, stout filaments that 
constitute the intracytoplasmio parts of the caudal flagoUa; length of caudal flagella 6.7- 
7.5/*, two ellipsoid nuclei anterior, about 1,6 x 0.75/*, onterior ends in contact, axes diverging 
obliqudy posteriorly, endosome posterior in position, relatively large spherules often present 
in cytoplasm. 

Hexamitus teres n. sp. 

(PL 33, a-/) 

A species of Eexafmtus that differs greatly from Sexemwtus pulcher was 
foTind preseat ia small or moderate nambers in the caecum of Citellm tri- 
deemUneatus, C. leeeheyi, and C, Uldmgi. It was not seen in the golden- 
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mantled grouud hqiiirrels. It resembles Sexamiius muris (Grass!), the species 
that commonly occurs in the small intestine of rodents, in that the intraeyto- 
plasmic longitudinal struct ures which terminate in the posterior flagella are 
widely separated in the cytoplasm. A search for Sexamitvs was not made in 
the small intestine of the ground sciuirrels, but no flagellates of that genus 
were seen in the course of inspection for Qianlia. It seemed possible that these 
flagellates in the caecum might be part of a population that is also represented, 
perhaps more abundantly, in the small intestine. The specimens studied in 
the caecum, however, differ so greatly from the publii^ed descriptions of 
Eexamiivs muris that i t is impossible to assign tliem to that species. The trivial 
name teres has been given to the species (Latin teres, rounded, polished, well 
turned) because of the rounded form of the body, as well as of the nuclei, 
together with the graceful form of the axial structures. Becker (1926) prob¬ 
ably saw this flagellate in Iowa ground squirrels. He mentioned a species of 
Hexamitus or Urophagus which was very scarce in the caecum. 

Eexamiivs teres in Citellus tridecemlincaius ranged in length from 7.1- 
9.4/i, averaging 7 9/*; and in width from 4.7-7.1/*, averaging 5.5/i. The body 
is broadly rounded anteriorly and posteriorly (pi. 33, a, c) and lacks the 
posterior, median, pointed projection which is characteristic of Eexamitus 
puleher. The nuclei are situated very close to the anterior surface of the body 
and to each other (pi. 33, a,h). They are regularly spherical in form and 
have a diameter of about 1.6p, There is a relatively large, spherical, central 
endosome, and the region between tlie endosome and the nuclear membrane, 
in the specimens examined, was without chromatic material. 

As in Eexamitus pvUher, the anterior flagella adhere to the surface of the 
body in the first part of their course, and become free anterolaterally (pi. 
33, /). In their normal position they are directed posteriorly. In the region 
where they adhere to the surface, there appear to be rodlike structures, 2.4- 
Slp long, that impregnate with silver and that also may be stained by iron- 
haemaloxylin. Tlie ajjpeatanoe following use of the two techniques is much 
the same. The rodlike stniclures are in two groups of three, and in each group 
they converge anteriorly and appear to meet (pi. 33, d, e). Their shape and 
relationship to one another is very much like that shown by Davis in Hexa¬ 
mitus sdmonis. It was not possible in oxir specimens to make out a separation 
of an isolated rod and a Y, as in Eexamiivs puleher. Each of the two groups 
of rods diverges at a right angle to the axis connecting the centers of the two 
nuclei. The meeting place of the proximal ends of the rods is just anterior to 
the nudoi in the region where those structures are adjacent. The free flagella 
extend from the ends of the rods, and have a length of 6.5-9/i. As in Eexamitus 
puleher, it is impossible to tell whether the rod is a separate structure along 
which the flagellum extends, or is a thickened part of the structure of the 
flagellum itself. The latter explanation is more likely. 

In Eexamitus tores there is no structure in the median longitudinal axis 
of the body. The two longitudinal structures are situated laterally in the cyto¬ 
plasm (pi. 88, a, c, /). They originate anteriorly near the place where the 
flagellar rods moot, anterior to the nuclei. In its proximal part, the plane of 
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the two longitudinal structures is more or loss perpendicular to the plane of 
the two nuclei. The structures extend to the posterior end of the body, and 
in their course they are twisted (pi. 33, f) . They have a narrow tube form for 
most of theii*length. In their distal part they increase in diameter, and finally 
flare rather abruptly, giving a structure that has a shape similar to that of 
the end portion of a trombone. Those ends arc flush with the surface of the 
cytosome, and are circular as seen in cud view. 

The posterior flagella can be seen in favorable hacmatoxylin-stained speci¬ 
mens oillexamilus teres extending along a wall of the posterior, widened part 
of the apparent tubes, then becoming free at the terminus of the cytoplasm 
(pi. 33, a). They never appear t o lie free within a widened tube, in the manner 
of a clapper within a bell. Their position may perhaps be compared to that 
of a clapper which lies close against one side of the bell; but it is uncertain 
whetlier the flagellum may not be applied to the exterior surface of tlie struc¬ 
ture rather than being within a tube. The free parts of the posterior flagella 
have a length of 8-12/i. 

In several species of Jlcxmntus in marine fish, Lavier (1936?>) reported 
the existence of a “manchon,” a muff or mantle, surrounding each posterior 
flagellum in the cytoplasm. In its posterior part, the manchon was shown as 
expanded in a fosette, from which the flagellum emerged. In some of Lavier’s 
drawings, the flagellum is represented along the whole length of the manchon 
posterior to the nuclei. In some of the species of Eexamitus from fish, the 
fosettes are situated a short distance auterior to the posterior end of the body. 
The structures related to the intracytoplasniic path of the flagella in those 
flagellates appear similar to the structures in IT. feres, in which, however, the 
fosettes are close to the posterior terminus of the body. 

In Hexamitus salmonis, Davis (1026) described a funnel-shaped develop¬ 
ment of the posterior part of the longitudinal intraeytoplasmic structures, 
and observed that in end view these ai*e circmlnr in form. In the trout species 
the posterior flagella appc'ar to lie in contact with the wall of the funnel 
toward the median axis of the body. 

In Hexamiius muris the body has been (h'seribed as very slender in shape. 
Wonrich (1930) gave the length as 7-9/«, and the width as 2-3^1. The length 
is about equal to that of 17. lores, but tlio width is less tlian half of that in the 
species from Citellus. In our examinations we did not observe any specimens 
so narrow as even the broadest IT. muris described by him. In IT. muris the 
longitudinal structures, which generally appear to diverge more than they 
do in ET. teres, are represented as fibrils of uniform diameter throughout the 
intraeytoplasmic portion, with no posterior expansion, funnel, or fosette. 

When Beeker stated that this flagellate is a species of Hexamitus or Uropha- 
gus, he presumably had reference to the separation of tlie longiludinal struc¬ 
tures related to the flagella that emerge posteriorly, and to the fumiel-like 
or widened differentiations at the places of emergence. This type of organiza- 
tion, with a varying degree of development of the funnel-shaped structures, 
charaeterizes a group of species of Hexamitus, Urophagus is, as Lavier 
(1936a) remarked, a synonym of Hexamitus} being based on a morphological 
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disposition which exists in varyin^)^ degree in Hexamiius species of that gronp. 
Eexamitus teres corresponds in general type to the amphibian flagellate for 
which Lavier (3 9»3f)flr) retained the name llexamiia intestinalis, and which he 
made representative of his restri<*ted geinis Hcxamiia, The amphibian flagel¬ 
lates of this nature were designated Thxamita sp. by Wenrich (1935); he 
used the name ITixmmla intisimaJh (?) for the flagellate of amphibia for 
which Lavier (1J)3C<r) subsequently ei'eated the new genus Spironucleus, 
Eexamitus »wwr/.9 and JI, t(r(s arc representatives in rodents of Lavier's re¬ 
stricted genus Eexamila; also in tiic group may belong the species in monkeys 
described by Wenrich (1933). 

Taxonomic Summary 
H examitos teres n. sp. 

Type host .— CiielJus ituhcct nihmai us tridocenaiifieatus (MitebiU). Miehigim. Musouin Vert. 

Zool., Univ. Calif. 9G708 (J. Wjnt ypo slides GP-092: 1,12,15, 17. 

Additional 7io^fs — 

Citelim hcldlnat hf Idmgi (Morriam.). Reds Meadow, Madera Co., Calif. Homoeosyntypo 
sUdoGP-n64: 3. 

C%tellus hcccfuyi IxecJieyi (Riebardson). Hastings Nat. Hist. Res., Monterey Co., Calif. 
IIomoeosyntyx)c slides GP-68J; 8,13,18. 

Diagnom .—Uengtli 7,1^9.4/u, average 7.9/*; width 4.7-7.1/a, average 5.5/*; body broad 
and rounded anteriorly and posteriorly; six anterior flagella adherent anterolaterally along 
or in rods 2.4-3.1/* long, which meet anteriorly in two groups of three; length of free 
anterior flagella 6.5-9/*; no median axial structure, longitudinal structures separated in 
body, narrow tubular form flaring postoiiorly in funnel form, caudal flagella continuing 
from funnel are 8-13/* long; two anterior spherical nuclei about 1,6/* in diameter, with 
relatively largo spherical central endosomo; no cyioplasxnic spherules seen. 

Hezamastixmuris (Wenrich) 

(in.34,<M) 

Bceker (192(5) recorded an iiifectioii in all except one of twenty Otielhts tri- 
decemUiicatus hy a fhiKelltite that ho named Teiralriohonmiix dtelU. He 
reported that the (IjiRellate liiw four anterior flagella and a trailing flagellmn. 
Tn our istiidies oC the eaeeal flagellates of the same host species, we have foimd 
none with the flagellar complement he recorded; but there is present a species 
with five anterior flagella and a recurrent flagellum. That flagellalc, which 
is a species of Uexamadir, is evidently (lie same as the one named Tetratrioho- 
mastias dtelli. 

Wenrich (1924) described, in a new genus and species, a eaeeal flagellate 
of rats as FentatriehomasUx muris. The flagellate possessed five anterior fla¬ 
gella and a trailing flagellum, and in 1930 Wenrich assigned it to the genus 
Hexamastix. Its host was the black house rat, Battus raitm. Chang (1935a) 
recorded Hexamastix muris in two of eleven house rats, which belonged to 
the species Bat tus norvegieus. 

Wenrich examined our preparations of the flagellate in ground squirrels, 
and informed us that it resembles Hexamastix muris; he had remarked in 
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1930 on the similarity between that flagellate in the wild black rat and the 
one Becker described. lie also stated to us that he had found Ecxamastix in 
gtiinea pigs and marmots. We have found a flagellate morphologically iden¬ 
tical with the gi'onnd squirrel Ecxamastix in Ihrognathns califortvieus. 

Sassnehin (19.31) reported Tclratrichomastix oitdli in Citcllus pygmaeus. 
He found it in 386 of 242 anhnals; but it is apparent from his figures that he 
dealt at least in paid with Monoccrcomonoidcs. 

The flagellate was present in small nuiubei’s in our preparations made from 
Citelhs tridocomUneatus. It was not found on our slides made from CiteUus 
leeoheyi; but it was seen, in small numbers, in the course of dark-field exami¬ 
nations of living material from that species, made at the Hastings Natural 
History Eeservation. It was present in moderate abundance, along witli Mono- 
cercomonoides pHleata, in a golden-mautled ground squirrel taken near the 
top of Yosemite Palls, but was not found in the other preparations from this 
host species. It was also moderately numerous, along with JIf. pilleata, in a 
specimen of Citcllus ieldingi taken at Tuolumne Meadows; but was not found 
in the other ground squirrels of that species. The studios made in preparation 
of this paper were drawn mainly from flagellates in Citcllus lateralis chry- 
sodcirus. 

Measurements of twenty-five specimens from C. lateralis chrysodeirus gave 
a range in length from 6.3-10.2/it, a range in width from 4.7-6.3jii, and an 
average of 8.7/t x 5.5/*. The axostyle projects for a distance of about 1.6-3.9/*, 
averaging about 2.8//. These dimensions compare well with the length of 
7-13/*, with an axostyle projection of 2-4//, that Becker (1926) reported. 

In observations made on living material from C. ieecheyi and C. tridecem- 
Imeatus, the grouping and activity of the flagella was observed to be very 
different from that of Monoccrcomonoidcs pilleata. The anterior flagella are 
united together in their proximal part in a whip, and are moved together. The 
whip is thrown forward, in the usual manner of the anterior flagella of a 
triohomonad; and then they move backward toward the surface of the body, 
separating from one another to a large extent. Aft er t he flogel la are all (umed 
backward, there is a momentary real, then the whip is thrown forward again. 

In fixed material the five autorior flagella are sometimes united proximally 
in a columnar grouping, birt are often separated to the base (pi. 34, ori). 
Some of them may bo united in groups of two, three, or four. When flagella 
are rmited for their whole length, counts are difllcult and may be made 
wrongly. But in silver preparations the deeply impregnat ing terminal granule 
or rod (pi. 34, o, t) often makes it possible to distinguish the individual fla¬ 
gella in a group. In this way, specimens which seemed at first to have less 
than five flagella were found actually to have five. A few specimens were seen 
with only three or four anterior flagella. Perhaps this reduction in number 
may have been the consequence of loss of certain flagella originally present 

The five anterior flagella range in length from 7.9-11.8/*, and the recurrent 
flageUum has about the same thickness and length. In silver preparations the 
anterior flagella appear a good deal more slender than those of Monooereo- 
monoides pUleates, They end in deeply impregnating knobs or rods, like the 
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fiagftlln. of Peniatrichomonas hominis and other triehomonads (pi. 36, a, i). 
The recurrent flagellum, also <is in many other triehomonads, ends in a short 
slender filament (pi. 34, <i). 

The pi'lta is a conspicuous aiul sharply defined membranous structure at 
the anterior end of tlio body (pi. 31, a-i). Tn silver-impregnated preparations 
it appears black -when seen in oidieal section (pi. 34, b). The membrane is 
curved around the anterior part of the body, with its plane flush with the 
surface of the body (pi. 34, c f). It has somewhat of a lunate form. One end 
is dose to the blepharoplast (pi. 34, h, g) aud the group of anterior flagella 
here extends forward from within the curve of tlie pelta. The recurrent fla¬ 
gellum passes posteriorly from the same region. The end of the pelta near the 
blepharoplast may bo designated as the dorsal end. The ventral end extends 
to a point (pi. 34, /), but neither end is prolonged in a filament. 

In its part just posterior to the nucleus the trunk of the axostyle (pi. 34, 
a, i) has a diameter of about 0.5/i. As it passes anteriorly against the membrane 
of the nucleus, the axostyle is broadened in a spatulate form (pL 34, h, i) ; 
it attains a width in the (■a})itnlnm that is about three times the width of the 
trunk. The trunk of the axostyle tapers gradually posteriorly and may end 
close to the posterior end of the cyto.some or extend up to a distance of several 
microns beyond the posterior eud of the body. Its end is pointed, but it is not 
extended in a filament. 

The nucleus has a size of about 2.4-3.9/* x 1.6-2.4ju. It is elongated in a longi¬ 
tudinal direction. Its struettire is that typical of a trichomonad. The interior 
is filled with finely granular chromatic material, and there is a small periph¬ 
eral endosome that stains deeply with iron-haomatoxylin and impregnates 
with silver. 

The parabasal body (pi. 34, a, b, i) lies dorsal to the nucleus and in contact 
with it in its anterior part. It is a straight rod. In our silver preparations it 
was not impregnated well. Ustially a simple filament was all that could be 
seen of it, btit in some speeinunis it appeared as a stouter body. In its usual 
length it rencliod alniosl to the post<‘rior end of the nucleus, but it was often 
sbortcr and sometimes a litth* longer than this. 

Some details of the morphology of Tfeorainastixtmms of rats are not known, 
so that a complete comparison wit h it of the ground squirrel flagellate has not 
been possible. The taxonomic assignment is therefore tentative. It is based on 
the probability lhat this flagellate in CileUus and Perognathus is the same as 
the one in rats and ct'rtain other rodents, just as Sexamitus puloher and 
TriMchomonas murk are common to various rodent species. 

Taxonomic Summabt 

aexiiinastlx mails (Wenriok, 1924) 

PeniatriahonmUx muHs ’WenrSclt, 1924, Anat. Bee., 29:118. 

TetratHdhomastix aUelM Becker, 1020, Biol. BolL, 61: 204. 

SetemasHa mris (Wondeh) Wonriolt, 1930 ia Begner and Andrews, Problems and Meth¬ 
ods of Boscarch in Protoaoology; p< 129,141, flg. 12, e. 

Xype host.—SatiuaraHus (Ubumous). (Wonrieh, 1980.) 
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Additional hosts — 

Citcllus tiideccmlineatus tridecemlineatv^ (MitcliUl). Iowa (Bockcr, 1926). Michigan, 
Hyposyntype slides GP-CSO: 29,58; GP-OOO; 33. 

Citcllus lateralis chry^odcn us (Morriam). Yosomiio Nat. Park, Oalifoniia. ITyposyn- 
typo slides QP-1077: 4,5, 7. 

Citcllus pygmacus Pallas. Kazakstan, P. S, F. Soviet lli'public. (Stisauchin, 1931.) 

Citcllus Mdingi Mdingi (Morriam). Yosomito Nat. Park, OalifornLi. llyposyntype 
slides GP4073: 1,4, 

Citcllus hcecheyi hecohoyi (Picliardson). Hastings Nat. Hist. Bes., Monterey County, 
Calif. 

^crognaihus califomicus Merriam. Hastinge Nat. ITlst. Bos., Monterey Co., Calif, 
Hyposyntype slides GP-1012:16,19. 

Diagnostic description (from Citcllus lateralis chrysodcirus ).—^Length 6.3-10.2/*, average 
8.7/*; width 4.7-6.3/*, average 5.5/*; five anterior often united proximally in a columnar 
grouping, length 7.9-11.8/*; recurrent flagellum of similar length; trunk of axostylo mod¬ 
erately slender, pointed posteriorly, projecting usually 1.6-3.9/*, capitulum moderately 
broadened, flattened against nucleus; ])arabasal body a straight rod about the length of the 
nucleus; pelta a narrow membrane, pointed at each end, curved around the blepharoplast 
region; nucleus ellipsoidal, elongated longitudinally, 2.4r-3.9/*x 1.6-2,4/*. 

Tritricbomoiias mnris (OrasHi) 

(PL 37, (f-rf; pi. 3C, a -g) 

Becker (1926) reported Trichomonas mvrin var. rAlclIi in three of twenty 
Citellus trideeemUneaius. Ho evidently found it to be rather numerous in 
those individual animals. We did not find it in four 0. MdreemUncaUis from 
Michigan. Sassuchin (1931) reported Trichomonas muris var. cUclU in three 
of 242 Citellus pygmacus, and in the infected animals it was present in large 
numbers. Both of these authors remarked on its close resemblance to Tricho¬ 
monas muris, evidently as described in rats and mice. They gave no reason 
for differentiating it as a variety; presumably that was done by Becker on 
aceoTxnt of the host difference. Since we do not here recognize a host diffcrouoe 
in itself to he a valid orilerion for taxouomie dilTereiitiatuni, and are xinablo 
ourselves to make a morphological differential ion, we will eousider the ground 
squirrel flagellate under the name Tritrichomovas mitris. 

We did not find Tritrichomonas muris in (Ulellus Mdcccmiineatus, C. 
"beeoheyi, or Citcllus heldingi. In CUcUus laUralis chrysodeirus, however, it 
is generally present as the dominant if not the only flagellate. Of nine golden- 
mantled ground squirrels taken near Itainhow Falls, Madera County, Cali¬ 
fornia, T. muris was present in large numbers in five. In three of the other 
four there were no flagellates; the fourth had some Monocorconionoides pil- 
leata. Of two C. 1. ehrysodmrvs taken near the top of Yosemito Falls, T. muris 
was present only in one, which lacked other flagellates. The other squirrel 
had Monoeereomonoidies and Hexamastix. Of nineteen samjiles of eaecal con¬ 
tents of C. 1. ‘b&ma/rdMvus sent from San Bernardino County, T, muris was 
present in all hut three, and was numerous or very abundant in all except one 
of the sixteen. This flagdlate is evidently as characteristic a part of the caeeal 
fauna of golden-manlled ground squirrels as of rats and mice, hut it is either 
absent or infrequent in the other species of ground squirrels examined. 
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All original information given in this paper about Tritrichomonas muris 
has been drawn from study of the flagellates in Citellus lateralis chrysodeirus. 

In many specimens on our slides of this trichomonad of the golden-mantled 
ground squirrel the body is more or less bilaterally symmetrical in form ex¬ 
cept for the oecurreuee of the anierior part of the axostyle at one side of the 
nucleus. The undulating membrane and costa extend longitudinally along the 
region designated as dorsal, 1 ike an undulated dorsal fin; but the costa may be 
displaced to one side of the axostyle in its posterior part. In many other 
specimens the undulating membrane follows more or less of a spiral course in 
passing posteriorly, in a direction tliat is counterclockwise as viewed from the 
anterior end. There is sometimes a complete turn around the body, though 
more often there is only a half turn or less. These specimens are not symmetri¬ 
cal, and the designation dorsal has reference only to the position of the costa 
and membrane at their beginning. 

The length of the flagellates ranged from 11.8/* to 19.8/*; and the width from 
4.3/* to 9.9/1, averaging 16.1/* x 7.4/i. No very small trichomonads were found 
in the golden-mantled ground squirrels. Those small forms sometimes accom¬ 
pany the larger ones in rodents, and by some have been regarded as small 
forms of the same specie.s, and by others differentiated as Trichomonas or 
Tritrichomonas minvta. The axostyle projects posteriorly for a distance of 
2.5-4.3/*, averaging about 3/*. 

The three anterior flagella have a length of 6.8-9.9/*, and are unusually 
slender, as seen in silver preparations, in comparison with such flagella as 
those of Pentatriehomoms homhiis. Each of them ends in a deeply im¬ 
pregnating granule (pi. 35, d). The ends do not appear elongated and bent 
over as in some other trichomonads. TTsually the tliree anterior flagella axe 
separate from one another to their place of origin from the eytosome. 

The marginal flagt'llum of the undulating membrane has a ribbon form 
(pi. 35, Or-d). It narrows to a stout filament both anteriorly where it meets the 
blepharoplast, and posteriorly where It extends as a free flagoUum for a 
distance of 9.3 14.9/* beyond the end of the membrane. In silver preparations 
it may be solidly impregnated jw a band. The flngeUum is directed edgewise 
to the body and is thrown into bold undulations (pi. 36, !>). The free part of 
the trailing flagellum tapers in its (Iret half, and in its posterior half remains 
about a uniform size, which is still nnxch greater than that of an anterior 
flagellum (pi. 36, b). The flagellum ends bluntly; we did not observe an 
aciuneme extension like that which exists in many trichomonads. 

A sheet of protopla.sm extends between the inner edge of the flagellum and 
the main body of cytoplasm, at the periphery of which the eosta normally lies. 
In normal specimens the flagelhun is adherent to the edge of this membrane; 
but in preparations it is often partly or completely detached (pi. 36, a). It may 
be tom off entirely, and it is sometimes detached from the body. This detach¬ 
ment from the membrane is evidently the result of mechanical influences in 
preparation, but its frequency of occurrence shows that the union of the edge 
of the flagoUum with the edge of the membrane is not very firm. 

In some silver>impregnated specimens the whole memWane is darkened; in 
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others it appears clear. The edge of the sheet of protoplasm is a filament 
(pi. 36, a). In most normally shaped specimens the membrane filament appears 
to be single, and eomes into contact posteriorly -with the posterior end of the 
costa. Especially in specimens that have been distorted by partial drying, it 
can bo seen that the outer filament of the membrane is a structural entity. In 
its posterior part it may be displaced in relation to the costa, and it has an 
appearance similar to that of the posterior part of the costa. In some of these 
distorted specimens there are two parallel filaments, one exterior and one 
interior, at the outer margin of tlio membraiie. These are particularly appar¬ 
ent along the middle part of the membrane, where they arc sometimes very 
sharply defined. 

The costa is in many preparations silver-impregnated or haematoxylin- 
stained as a homogeneons black structure. In other preparations the edges are 
impregnated or stained and the interior is more or less clear, like a narrow 
clear band down the middle. In the middle part of its length the costa is stout; 
in large specimens its width may be 0.5/*. In its anterior five or six microns, 
and in its posterior part, the costa gradually tapers (pi. 35, a, d). It terminates 
in small ends, which are not filaments. At the posterior end the costa is usually 
more gradually and sharply pointed than at the anterior end. The costa is a 
rounded rod. Its shape is the same when seen at the upper edge of the body 
as when seen at the side. 

At the place of meeting of the masligont organelles there is a rounded body 
which in larger specimens has a diameter of about one micron (pi. 35, a, o; 
pl. 36, J). In our preparations we have not been able to find a heterogeneous or 
granular structure in this body. It is apparently a single large blepharoplast. 
No pelta has been found. 

The organelles leave the blepharoplast spherule in definite positions (pl. 35, 
a, d). The anterior flagella meet its anterior part. The costa, after turning 
transversely in its eoui’se and sometimes rutming somewhat posteriorly, meets 
its posterior part. The trailing flagellum leaves tlie blepharoplast near the 
place of origin of the costa. Leaving the b1ci)haropIaHt posteriorly near the 
origin of the costa is a filament which passes posteriorly towanl the nnclexis 
and along its dorsal edge. 

The last structure is evidently the filament of the parabasal body. Tn some 
series of silver-impregnated fitigellates this filament was all that could be 
seen; tlie main substance of the parabasal had failed to impregnate. In some 
specimens on the same slides, careful observation did reveal the parabasal 
substance, although it was very faint. In another scries of silver preparations 
the whole parabasal was deeply impregnated. These differences in the reaction 
of the parabasal to the protargol process were probably the result of the use 
of different lots of protargol, though even with the same lot the results are 
not always predictable. 

The parabasal body is a sausage-shaped structure wiUi a thickness varying 
between about one-half and one micron (pl. 35, d; pl. 36, d-g ). The parabasal 
body usually has a more or less uniform width except close to its place of 
attachment to the blepharoplast. Here there may be a small gap; the main 
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parabasal substance does not meet the blepbaroplast, but the filament crosses 
the gap (pi. 36, e-g) . In otlier specimens the main parabasal substance seems 
to come directly into coni act with the blepbaroplast (pi. 36, o). The parabasal 
body is rounded broadly at its posterior end. In some specimens it is thicker 
in its posterior part tlian more anteriorly (pi. 36, d), but this elavate form is 
not genei’ul in the material we liave studied. 

In its usual position the parabasal body passes sti’aight posteriorly to near 
the anterior end of the imeleus, then curves dorsally and passes around the 
dorsal surface of the nucleus, lying close to the membrane (pi. 36, a). Contact 
with the nuclear mcmbrauc is usual, but sometimes the parabasal is more or 
less separated from the nucleus. It usually terminates near the posterior end 
of the nucleus, but it may be somewhat shorter or occasionally a little longer 
than tills. The length of the parabasal body averages about 6.2ju, ranging from 
5/tto 7All, in the flagellates of larger size. 

The size of the pai*abasal body did not vary a great deal in the series we 
studied, which was from one squirrel; it seldom extended beyond the posterior 
end of the nucleus. Wenrich (3921) showed the parabasal body of T. muris in 
mice to be much longer than tliis, extending for some length posterior to the 
nucleus. Wo have studied specimens of T. muris from laboratory rats and 
hamsters, as well as a number of wild rodents. Triehomonads prepared at the 
same time from two different laboratory rats showed differences in the de¬ 
velopment of the parabasal body. Those in flagellates from one rat were 
similar in size and position to those from the golden-mant led ground squirrel j 
few extended beyond the posterior end of the nucleus. Some of the flagellates 
from the other rat had similarly short parabasals, but in many the parabasals 
were longer, and often otiiwed in a C form. The length of the part posterior to 
the nucleus was in some instances as much as the length of the nucleus. Often 
the terminal part was enlarged in a club form. A similar variability was 
observed in parabasals of flagellates from hamsters. Specimens of Tritri¬ 
chomonas muris wil li similarly long parabasals have been seen in Peromystyus 
loylei, Peromysaus truii, fHjiodomys vemisius, Neotoma fusdpes, and a 
species of Microtus. Tti these wild rodents the longer parabasals are character¬ 
istic, but some specimens wi(h shorter ones not longer than the nucleus occur. 
Because of theso observations on the variability in size of the parabasal body, 
we do not consider the fact that the structure in the trichomonad of Citellus 
is shorter than that generally considered typical of T. muris to bo of taxonomic 
significance. 

In large specimens the trunk of the axostyle has a diameter of about 1.5/*. 
It retains the same diameter from immediately posterior to the nucleus to the 
posterior end of the body. Shortly before it reaches the end of the cytosome it 
is surrounded by two rings (pi. 35, a; pi. 36, b). These rings may be demon¬ 
strated well in haematoxylin-stained specimens, but in protargol preparations 
they are not demonstrated (pi. 35, d). The terminal part of the axoslyle, for 
a length of between 2.5 and 4.8 microns, projects from the body and is tapered 
in a conical form. The projecting part takes a black surface impregnation in 
protargol preparations, and there is a sharply defined cirenlar margin at the 
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place where the axoslyle leaves the cytoplasm (pi. 35, c?). lu the same speci¬ 
mens, the membrane of the trunk of the axostyle within the cytoplasm is 
faintly defined. It is evident in the material Uiat the axostylar projection has 
no surrounding cytoplasm. 

The trunk of the axostyle comes into proximity to the nucleus somewhat 
ventral to its posterior end (pi. 155, d). It continues along the ventx-al and 
right side of tlie nucleus, remaining in e«mtact with that structure. There is no 
enlargement of the anterior part of the axostyle. As observed from its lateral 
aspect, it appears to narrow somewhat as it approaches the blepharoplast 
(pl.86,&). 

Parallel to the costa at a distance from it of about 0.5-0.75jti is a row of 
granules that stain deeply witli iron-haematoxylin (pi. 35, o-c). The row 
begins at the blepharoplast, extends along the dorsal surface of the nucleus, 
parallels the costa, and is diseontinm'd a few microns short of the posterior 
end of the costa (pi. 36, 6). lu some places the granules are in more than one 
row (pi. 35, a,h).ln our material the granules wci'o aggregated closely in a 
row that appeared continuous, and was often as sharply outlined as the costa 
itself. 

A second linear group of gi-anules extends along the anterior part of the 
axostyle (pi. 35, c; pi. 36, 6). Posterior to the nucleus it lies along the dorsal 
side of the trunk of the axostyle. It may bo closely applied to the axostyle for 
its whole length (pi. 36, b, o), but often it is separated in its posterior part 
(pi. 35, a, c). In its anterior part alongside of the nucleus the aggregate of 
granules is often broad. It is sometimes curved in a crescentic form covering 
^e right side of the axostyle and often extended to a point ventral to the 
axostyle (pi. 35, c). 

The rows of paracostal and para-axostylar granules are more or less parallel 
to one another and are in a rather precise location (pi. 36, b, c). Whon the 
trunk of the axostyle is bent away from its usual position, the para-axostylar 
row remains parallel to the paracostal row, instead of following the axostyle. 
The posterior part of the para-axostylar row sometimes turns away from the 
paracostal row, toward the axostyle (pi. 35, c). 

The granules of these two rows arc usually not demonstrated in silver 
preparations. 

In the tridhomonad from the golden-mantled ground squirrel the nucleus 
is elongated in form, measuring about 4.3-6.2jit x 1.9-3.1ju, and averaging about 
5/t X 2.5/». In some specimens it appears regularly ellipsoidal in shape, being 
eqxuil in size in its anterior and posterior part. The usual shape is asymmetrical 
pyriform, smaller in the posterior part than in the anterior part, concave on 
the ventral side and convex on the dorsal side (pi. 85, a,b). When fixed and 
stained by iron-haematoxylin, the nucleus shows numerous granules which 
are moderately large and sometimes fairly widely spaced (pi. 35, o, Z>). In 
many of the preparations of the nuclei it was not possible to recognize an 
endosome. Some nuclei that are favorably differentiated show a body, or 
sometimes more than one body, which is deep-staiuod and surrounded by a 
dear zone (pi. 36, d; pi. 86, c). In some protargol preparations the nudei are 
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not visible; in othei-s the membrane and gi-anules take a light impregnation, 
and the endosome may be deeply impregnated. 

In his comparison of T. tmiris and T. wnirichi, Crouch (1936) stated that in 
the former species the nucleus is oval or broadly elliptical, as Wenrich (1921) 
had described it, \\liereas in tlie latter s)>ccies it is pyrifonn. In the tricho- 
mouads in our preparations from a number of different rodents, the nucleus 
often has ati ellipsoidal form; t hat shai)c appears to bo more frequent in some 
populations than in others. In many specimens of T. muris from laboratory 
rats, we have observed nuclei of the same shape as the asymmetrically pyri¬ 
fonn nuclei of the ground squirrel triehomonads. In the shape of the nucleus 
there is a degree of variability which precludes using it for taxonomic dif¬ 
ferentiation within the T. muris gi'dip, at least without careful and extensive 
comparison between strictly comi)arable preparations. 

A parasitic organism similar to that which Crouch described as Sphaerita 
triclwmouadis in T. wi nrichi was found in many of the triehomonads from 
one ground S(|uirrcl (pi. 3(1, b ). There are groups of spherules which are about 
one micron in diameter. Some are a little smaller and some larger than this, 
but they arc not so large as those reported by Crouch. They may be stained 
densely by iron-haematoxylin; but when suitably differentiated a spherule 
shows the smalI black gra nnle in a clear ju'ca which was described by Crouch as 
a nuclear spot. The sphcrnlcs lie in a clear area and are not related to one 
another, not being imbedded in a surrounding protoplasm. The clear region 
in which they occur is more or less spherical, but is often misshapen by its 
confinement among eytosomal structures. The boundary of the clear region 
is the limit of the surrounding cytoplasm; there is no visible membrane. 

Crouch referred to these groups of spherules in teims of plasmodia con¬ 
taining spores, which increjiso in number by division. The division of spherules 
suggests to us a solitary microiirganism wliieh multiplies, rather than Sphae¬ 
rita in which iu the early stages there is a plasmodium containing nuclei that 
multiply succes.sivoly. The sporc.s iu Sphaerita occur at the end of the period 
of devolopmcnt; in the sporangia they aro isolated bodies not imbedded in 
protoplasm, and they do not multiply as spores. 

In a few ()f the llugcllab's there wero'fotmd groups of granules, one-third 
micron or less in diamoU'r, in a spherical, clear zone (pi. 36, c). These evidently 
represent a different pavasile. 

Triehomonads tliat have been described from tho intestine of rodents are 
mainly of tho T. muris type, but there are also other forms. Among the flagel¬ 
lates of the T. muris type, there luis been no definite designation of taxonomic 
differences that justify the establishment of species in different hosts. Pending 
further study, it seems desirable to regard the triehomonads that axe recorded 
from rodents and correspond morphologically to T. muris as members of that 
species. They cannot properly be differentiated, as was the variety cifelK, 
solely on the basis of occurrence in a different rodent. 

Tritriohomoms caviae of the guinea pig belongs to the T. nmis group, and 
is similar to T. muris in many respects, although apparently differir® signifi¬ 
cantly in the relatively greater Umgth of tho anterior fiageUa, and in the 
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distribution of cytoplasmic and axostylar granules. Valuable figures for com¬ 
parison of T. muris and T. caviae may be observed in Wenrich, 1935, plate 4. 
Named by Davaine, 1875, T, cav%ac is the oldest species of the group. 

Tritriehomonas muris (usually called Trichomonas muris) was first re¬ 
ported in rats and mice by Qraasi (1879); in 1881 Qrassi recorded flagellates 
of this sort in Arvioola arvalis, in addition to Mus musculus and Mus ratltis 
(“una Cimaenomonas del pari similissima a quclla dci Balraoi”). It was also 
reported from Mus rattus by Oalli-Vjilcrio (1907) and has been recorded 
from laboratory rats and mice by various a uthora. T. muris was recorded from 
Peromyousmanioulaiusgambdihy Kofoid and Swozy (1915);from Microtus 
arvalis by Lavier (1921); from Peromysous leuoopus by 'Wcurich (1921); 
from Apodemus sylvaiiaus —^besides Epimys raftus, E. norvegievs, mid Mus 
musculus —^by Morinas (1938). Designation of a variety, as T. muris var. 
ciUUi, for the flagellate found in CilcUus truhccmlincatvs by Becker (1926) 
and in CiUUus pygmaeus by Sassuchin (1931) is not in keeping with taxo¬ 
nomic procedure in trichomonads, or in most other flagellates. It is desirable 
either to regard this flagoUate as Tritrichomonas muris, as we have done, or to 
establish a full species T. citelli. The latter procedure could not be based on 
any sound diagnostic differences, so wo have chosen the former course. 

There is a close similarity to T. muris in Trichomonas wenriehi, described 
by Crouch (1933) from Marmota monax In Iowa and Kentucky. Crouch noted 
its similarity both to T. muris as described by Wejirich (1921) and to T. muris 
var. dtelli as described by Becker (1926). Although he tabulated a series of 
morphological differences between T. wenriehi and T. muris, that table in¬ 
cludes certain features of which the validity or the taxonomic value may be 
questioned. T. wenriehi is reported to attain a larger size than the ground 
squirrel trichomonads or those of rats and mice, but species of the family 
generally have a high degree of variability in size. 

In reporting a species of Trichomonas from a porcupine, Hystriz hengal- 
ensis, Knowles and Das Gupta (1929) staled that it corresponds very closely 
in size and general morphology to T. muris and T, caviar, and recorded a 
maximum length of 26/* (although apparently in dried and distorted speci¬ 
mens) . That size was exceeded by only 4 out of 100 T. sooirirhi as reported by 
Crouch. They also stated their belief that the Trichomortas of rodents may all 
be one and the some organism. 

The trichomonad reported from the muskrat. Ondatra ^othioa, by Bishop 
(1934) resembles flagellates of the JT. muris group in certain respects, but the 
three anterior flagella are stated to be as long as the body. Cytological details 
are not given. 

Hegner and Batcliffe (1927) described a trichomonad flagellate from the 
prairie dog, which belongs to the same tribe of rodents—^the Marmotini—as 
Marmota and Cvtelkis. According to their account, the flagellate is very much 
unlike T. muris. Trichomonas eynomysi has four long anterior fla gAll ft , a 
Blender axostyle whi(fli stains deeply with ixon-haematoxyliu, and a spherical 
nucleus. 

Mor&ias (1988) reported from Pitynvys subierraneus, a member of the 
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tribe Microtiui, a tricliomonad with, two anterior flagella, named Ditri- 
ehomonas lavieri. Trichomonas myoxi, described from Myoxus quereinus by 
Galli-Valerio (1927) also is slated to have two anterior flagella. Even if the 
number of anterior flagella actually is only two in these flagellates, they do 
not belong in the genus THirichomonas. The type species of that genus, immsi 
from Archotcrmopsis wroughtoni, has four anterior flagella (Cleveland et al., 
1934), although the number was erroneously reported as two by Cutler, 1919. 

Wenrich (1946) referx’ed to Ibe preseuee in rats and mice of Tt'iohomonas 
mwris, Trichomonas minuta, Trichomonas wenyoni, and Trichomonas hommis. 
Pcntatriohomonas hmninis is an organism of a very diiferent type from the 
commonly oceurring trichomonads of wild rodents. Trichomonas minuta is 
similar in general lo T. uiiiris, but is small in size, ranging from 3-10 microns, 
a lower size range also noted in T. caviae. (See Wenyon, 1926.) Trichomonas 
wenyoni (formerly known as T. parva; see Wenrieh, 1930,1946) is a small 
flagellate with three relatively long anterior flagella, and an undulating mem¬ 
brane not extending posterior lo tlie middle of the body. 

Trichomonas guiarti, described by Morenas (1938) from a white rat, is 
said to have usually three but exceptionally four anterior flagella, a large 
cytosome, and no jucostyle. Its validity as a distinct species is doubtful. 

Tliis brief review of some reports of trichomonads in rodents indicates that 
it cannot be said tliat rodents have only one species, and it is not sound to 
assume that a new rodent tricliomonad is necessarily likely to be T. muris. 
Nevertheh'ss, where no clear-cut morphological difference from T. muris has 
been established, it is desirable to assign the flagellates to that species. 

Taxonomto Summary 
T illxlChomonas mnils (Grass!) 

Momo(reomoms muris Grass!, 187$), Gazz. Mod. Ital. Lombard., sor. 8, v. 1: 448. 
Cimaenom<mas, Grass!, 1881, At!!. Soc. ItaL 6cl. Nat., 24:11)8. 

Trichomonas inlestinalis, Wenyon, 1907, Arch. Protistonk., Sapp. 1; 184, pi. 11, figs. 1-17, 
20 - 21 . 

Trtefumonas muris Gall! Valerio, 1907, Zbl. Bakt., 1,44: 620, fig. 

Trichomonas muris (irartmann), irartmana, 1910, Praktikum dor Protozoolog!o, p. 46, 
fig. 27. 

Triehommas muris (Flarimnnn) var. oHeM Bockor, 1926, B!ol. BuU., 61: 293, pi. 1, figs. 
13-16. 

Triirwhomonas muris (Galli-Vnlorio, 1907), Wonrloh 1930 in Ilegncr and Andrews, Prob¬ 
lems and Methods of liosoarcli in Protozoology (N.T., Macmillan), p. 140, fig. 12, a, b. 

Type host.—ICus museulus Linnaeus. (Grass!, 1881.) 

Additional hosts — 

Saftusrattus (Linnaous). (Grass!, 1881; Galli-Valerio, 1907.) 

Sattus norvegieus (Erxlobon). (Various authors.) 

PeromysousmaniculatusgarnhsK (Baird). California. (KofoidandSwezy, 1916.) 
Peromyscus loueopus fiaillnosque. Basiom U.S.A. (Wonrioh, 1921.) 
ifiorotvs awalis Pallas. Europe. (Grassi, 1881; Larier, 1921.) 

Apodemus sylvaiioM (Linnaous). Europe. (Mordnas, 1938.) 

Oilcllus trUleecmllncafus iridecemlweatus (Mitehill). Iowa. (Becker, 1926.) 

Citclhts pygmaeus Pallas. Kazakstan, B. S. P. Soviet Bepublic. (Sassuchin, 1931.) 
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Citellus lateralis chrysodeirus (Merriam). California. Beds Meadow, Madera Co. Hypo- 
syniype slides CP-1145: 4, 7,12,17; GP-1170; 2,3,4. Yosemite Nat. Park. Hyposyn- 
type slides GP-1078; 27, 29, 31, 33. 

Biagnosiio description, from Ciidlus lait rails chi \ji*0(h miH. LcTif(tli 3C.1 (11.8-19.8)^; 
width 7.4 (4.3~9.9)/t; three slender anterior flagella G.S-9.0^ long; costa fairly stout, full 
length of body; maiginal flagellum of undulating luembrano ribbon-formed except an¬ 
teriorly and posieiiorly, free beyond end of undulating tnembrnno for 9.3-14.9^; parabasal 
body olongnto, curved against dortuil surface of nucleus, terminating often near posterior 
end of nucleus; trunk of axostylo fairly stout, conical posteiior projection 2.5-4.3^ long, 
two rings around axostylo near iihico of projection; paracostiil row of granules along most 
of length of costa; ahoiter para axostylnr row of granules along the anterior pait of the 
axostyle; nucleus 5 (4.3-r).2)/A x 2.5 (1.9-3.1)/*, shape ellipsoidal or asymmetrical pyiiform, 
concave on ventral and convex on doisal side. 

LIST OP KNOWN PLAGELLATP INFECTIONS OP THE 
CAECUM OP SPECIES OP CITELLUS 

CitelliL8ti%deccmlincahts tndeccmliiuatus (Mitchill), Towa, Michigan 
ClrUomastixmagna’Beekox (Typehost) 

Monoceicomonoidoa pilleata Kirby & Honigberg (Type host) 

Hexamitvs pulchcr Bcckor (Type host) 

Kexamiius iercs Kirby & Honigberg (Typo host) 

Eexamastuc rnuns (Wonrich) 

Trilriohomonas muiis (Orassi) 

Citellus heeoheyi beecheyi (Biehardson). California 
Chilomastix magna Becker 
Monoceroomonoidcs pilleata Kirby & Honigberg 
Eexamitus pulcher Becker 
Eexamitus teres Kirby & Honigberg 
Eexamastix muris (Wenrich) 

Citellus pygmaeus Pallas. B. S. P. Soviet Bepublie 
ChiHomastUD magna Becker 

Probably Monooercomonoides pilleata Kirby &> Honigberg 
Eexamitus pvHoher Becker 
Eommastix muris Wonrich 
Tritrichomonas muris (Orassi) 

Citellusbcldingibeldingi (Merriam), Califomia 
CMomasiix magna Becker 
Monooereomonoidcs pilleata Kirby So Honigberg 
Eezamitus pulcher Becker 
Eexamiius teres Kirby & Honigberg 
Eexamasiix muris (Wonrich) 

Citellus lateraUs chrysoddrus (Miorriam). California 
Monoeeroomonoides pilleata Kirby & Honigberg 
Eexamastix muris (Wenrich) 

Tritrichomonas muris (Cbrassi) 

Citellus lateralis bemardinus (Merriam). California 
Tritriohomonas rmis (Orassi) 


SUMMARY 

An account is given of all species of flageUates that have been found in the 
caecum of Citellm irideoemlmeatus trideoemlineatus of Iowa and Michigan 
and of three ground squirrels in California— C. "beecheyi beecheyi, 0. bcldingi 
bddmgi, and C, lateraUs ehrysodeirus. Two new species, for which 0. Iride- 
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eemUneatus is the type host, are deserihed: Monocerconwnoides pUleata and 
Eexamifus teres. 

Bxeeptiug the Mantled Ground Squirrels, the flagellate population is 
similar in all the hosts and in CiU Utis pygmaeiis of Russia. In Citellus lateralis 
ehrysodcirus and C. 1. bernardinus a numher of species have not been found, 
although they may be present; but the chief difTerenco is tlie frequent occur¬ 
rence of large populations of Tritrichomonas muris, which has been found 
infrequently or not at all in the other hosts. 

Chilomasiix magna closely resembles C. intestinalis of the guinea pig. The 
three anterior flagella originate from separated basal granules, and there is a 
recurrent flagellum, about half as long as those, that passes posteriorly over the 
opening of the cytostome. The fibril that borders the cytostome continues 
around its anterior margin, instead of there being two fibrils that terminate 
separately in anterior granules. The fibril on the right of the cytostome turns 
in a loop and continues deep in the cytoplasm. There is no parabasal body. 

Monoeercomonoides pideata possesses certain structures, demonstrable by 
silver protein impregnation, that have not hitherto been detected in the 
genus. The recurrent flagellum adheres to the surface above a rodlike periph¬ 
eral structure. In the anterior region there is a curved membrane, designated 
as the poll a. The four flagella are all of the acroneme type, each terminating 
in a short filament. There is no parabasal body. 

The six anterior flagella of Itcxamitus pulcher are separately adherent to 
the body for a length of two or tliree miciuns iu or along rodlike structures, 
two pairs of which appear to meet anteriorly in two V’s, There is an axial 
structure, extended posteriorly in a pointed projection, along or in which are 
two filaments that constitute the intraeytoplasmic parts of the caudal flagella. 

Eoxamtiis teres has the six anterior flagella similarly adherent along or in 
rods that meet anteriorly iu two groups of three. There is no median longi¬ 
tudinal structure. The two longitudiual structures are lateral to the median 
axis, and each ha.s a narrow tubular form flaring to a posterior funnel from 
which a caudal flagellum extends. This flagellate is infrequent in the caecum. 

Eexamastix nwris 1ms at the anterior end a narrow, curved, pointed mem* 
brano, the pelta, wliieh has not hitherto been described in the genus. The flve 
anterior flagella terminate anteriorly in rods or knobs, as in other tricho- 
monads, and the recurrent flagellum is of the acroncme type. There is a rod¬ 
shaped parabasal body that terminates near the posterior end of the nucleus. 

The structure of TtilrieJiomonas mvris of CiieUus lateralis agrees with that 
of the species in other rodents. The three anterior flagella are short and len¬ 
der, terminating in silver-impregnating granules. The maj^inal flagellum of 
the undulating membrane appears to have a ribbon form in its adherent part. 
The free part terminates bluntly, not being an acroneme as is usual in tri- 
chomonads. No pelta is present 
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PLATES 


All figures have been made with the aid of the camera lucida. 

Abbreviations for methods of preparation: 

B. Bonin’s fluid. 

Oh. Champy’s fluid. 

HoU. HoUande’s cupric picrof ormoL 
S. Schaudinn’s fluid. 

Hematein. Mordant in 0.5 per cent alcoholic solution of iron alum; stain 
in % per cent alcoholic solution of hematein. 

Heid. Heidenhain’s iron-haematoxylin. 

Prot. Impregnation by 1 per cent protargol, with copper wire immersed 
in solution, Bodian technique. 



PLATE 30 

Chilomastn magna Beckei 

a, 0 - 0 . From Citellua t. tndeeemlmeatus. 

h. From CitelVua h. heecheyi. 

a. Diagram showing the anterior flagella, the cytostome, and 
the recurrent flagellum, which is turned upward. Oh. Held, x 3,000, 

h. Diagram showing the cytostome bordered by a contmuous 
flbril, with a dark area along its right margin; the nucleus; and 
the three anterior flagella originating from well-separated gran¬ 
ules. The recurrent flagellum is not shown. HoU. Keid. x 2,400. 

c. Diagram showing the arrangement of the antenor flagella. 
Ch. Heid. X 3,000. 

d. Diagram showing the upper part of the cytostome from the 
antenor end of the flagellate. The three anterior flagella are 
shown, also the recurrent flagellum extending free from within 
the anterior margin of the cytostome. Ch. Held, x 3,000. 

e. Cyst, showing the anangement of the cytostomal fibril. S. 
Held, X 2,830. 

f. Diagram showing the cytostomal fibril, which here lies on 
the under-surface of the body, curved around the anterior margin 
of the cytostome and looped posteriorly. Also repiesented is the 
dark cytoplasmic diflerentiation which has inappropriately been 
referred to as the parabasal body. HoU. Heid. x 3,000. 

g-o. Nuclei showing the arrangement of the inner chromatin 
and the deep-staining plaques of peripheral chromatin Figs, w, o, 
HoU. Prot.; others, S. Heid. x 7,200. 
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PLATE 31 

Monocei CO monoides pilleata n. sp. 

Or-e, Qj h. Fiom Citellus 6. heeclieyu 

d, f. Piom CitcUus f, 1i idfcemlitu aiun. 

a. Diagiam showing the nucleus with eential cudobomc; the 
slender stained axostyle suriounded at the posterior end of the 
cytoplasm by an axostylai ring; the two pahs of flagella, one of 
the four bemg recurrent; and the filament connecting the two 
granules from which the flagella oiiginate. HolL Heid. x 3,600. 

h. Silver-impregnated specimen showing the two pairs of fla¬ 
gella, all of which ieiminate in filaments and one of which is recur¬ 
rent and adherent; the rod along the region of adherence of the 
recurrent flagellum; the axostyle and axostylai ring; and an out¬ 
line of the curved, pointed pelta. Nucleus omitted. Holl. Prot. 
X 3,600. 

c. Diagiam of the mastigont structuies in the anteiior pait of 
the body, showing the curved pelta tapering at one end to a point 
continued in a filament; the axostyle and pcnphoral lod onginat 
ing with the reeuirent flagellum and one other flagellum from one 
blephaioplast; and the paii of flagella originating from the other 
blepharoplast. Holl. Prot. x 9,600. 

d. Anterior end of body showing the two blepharoplasts, the 
filament connecting the blephaiojdasts, the oiigin of the masti¬ 
gont structures, and an outline of the nucleus. Holl. Prot. x 3,600. 

e. Diagram similar to c from the opposite aspect. Holl. Prot. 
X 9,600. 

/. Diagram similar to h, from the opposite aspect. An outline 
of the nucleus is shown. Holl. Prot. x 3,600. 

g. View of the pelta fiom its broad middle part, and origin of 
the two paiis of flagella. Holl. Prot. x 9,600. 

h. View of the body with the recurrent flagellum and peripheral 
rod above, rod and flagellum curved. The pelta appears as a cap¬ 
like structure at the anteiior end. Holl. Piot. x 3,600. 
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PLATE 32 

Hexamitus pulcher Becker from Cttellus t. ffidccemlineatus 

a. Specimen represented from the side where one nucleus is 
above the other, showing the peripheral rods at the ends of which 
the anterior flagella become free, a caplike structure at the apex, 
and the caudal flagella that become free lateral to the terminal 
part of the median axial structure. IIolL Prot. x 4,330. 

b. Similar figure, showing the stained filaments that constitute 
the intracytoplasmic posterior fiagella, extending along or in the 
median axial structure. HoU. Heid. x 4,330, 

c. Posterior part of the body showing the sharp projecting ter¬ 
minus of the median axial structure and the origin of the free 
caudal flagella. Holl. Prot. x 4,330. 

d. View from the side where the two nuclei arc in one horizontal 
plane, showing the anterior caplike membrane, the rods related 
to the anterior flagella, the median axial structure, the caudal 
flagella, and spherules in the cytoplasm. Holl. Prot, x 4,330. 

e. /. Apical view, showing the two nuclei and the alternating 
rods and V^s at the origin of the anterior flagella. Holl. Prot. x 
4,330. 

g. Apical view, showing rods and V^s paired instead of alter¬ 
nating. This is an unusual arrangement. Holl. Prot. x 4,330. 

h. Diagram of the posterior axial structure and caudal flagella. 
Holl. Prot, X 4,330. 

i. Apical view of the anterior rods shown in an iron-haema- 
toxylin preparation. S, Heid. x 4,330. 
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PLATE 33 

a-f. Eeocamitus toes ii. &p. from Cifellus t, tndecemlincatns. 

a, c. Diagrams from the side whore the t'wo nuclei are in one 
horizontal plane. The rods of three anterior flagella meet in a 
group of three on one side; the others are not visible. The poste¬ 
riorly flaring axial structurcb are somewhat twisted, and the 
caudal flagella emerge at the funnels, a, Uoll. Held.; c, Holl. Prot. 
X 4,330. 

h. Diagrams of the two nuclei, showing the spherical foim and 
the central endosome. Holl. Heid. x 8,660. 

d, e. Views from the anterior end, showing the tw^o nuclei in out¬ 
line and the two groups of anterior rods, from which the anterior 
flagella continue free. Holl. Prot. x 4,330. 

/. Diagram from tlie side where the two nuclei are one above the 
other, showing the position of the two groups of rods at the periph¬ 
ery of the body, the normal position of all flagella, and the cross¬ 
ing of the separated longitudinal structures in their posterior 
parts. Holl. Prot. x 4,330. 

g, h. EeJiamitus pulcher, 

^.Prom Citellus f, tridecemlmeatus. Diagram of the two elon¬ 
gate nuclei with posterior endosomes. Holl. Hold, x 8,660. 

1l Prom Citellus h, teldingL Stained spherules in the cyto¬ 
plasm; stained filaments, somewhat spiralled, along the median 
axial structure, continuing in the caudal flagella. B. Hematein. 
X 4,300. 
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PLATE 34 


Eexamastut citelli (Wenrich) from Citelhis lateralii^ 
chrysodeii vk HoU. Prot, x 4,330. 

a. General diagram sboT^ing the five antoiior flagella with knobs 
at the ends, the acionemo type of leeuiront flagellum, the upper 
pait of the euived pelt a, the nucleus with an endosome, the para¬ 
basal body beneath the nucleus, and the axostyle. 

h. The anteiior part of the axostyle, not broadened from this 
aspect, and apparently continued in the impregnated, curved, an¬ 
terior pelta; parabasal body applied to the nucleus. 

c. Pelta represented at the apex of the body, elongate nucleus 
with endosome. 

df e. The anterior part of the axostyle in its topogiaphic rela¬ 
tion to the pelta, and the oiigin of the flagella. 

/. Another view of the cuived pelta and the origin of the 
flagella; parabasal fllament under nucleus. 

g. Diagram similar to h, parabasal body not shown. 

h. Showing the model ate broadening of the anterior pait of the 
axostyle seen from this aspect, and the cuived pelta. 

i. Diagram of the whole flagellate, showing the parabasal body, 
the caplike appeal ance of the pelta from this aspect, and the char- 
aeteiistic spatulate form of the eapitulum of the axostyle. 
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PLAIE ^5 

1) hit ichomoms mm is fiom Citellm lainaln clii i/soden us 

a Genoi il diigiam, showing the leUtivoly laige sphtuc il hleph 
aioplast, the thice shoit, slendei aiitciioi flagella, the dui icter 
istie shape and stiuctuie of the nucleus, the iibbon tormed 
leeuiient fligellum along the unduliting mcmbianc, the rings 
aiound the postenoi pait of the stout tiunk of the a'^ostyle, and 
the lows ot paia i\oat>l'ii ind piiaeost il gianulcs B Hciuatoin 
x4 330 

6, c Anteiioi pait ot the bodv horn opposite aspects, showing 
the blcphaioplast, the inteiioi fligella, the iil)bon foimed mn 
ginal flagellum ot the undul iting menibiane, and the lows ot eyio 
plasmic gianules B Hematem x 4,330 
d Geneial diagiam showing the paz ibasil body, the relation 
ship ot the anteiioi pait ot the i\obtyle to the nucleus, the im 
piegnated gianulcs at the ends of the anteiioi fligella, and the 
suiface impiegnatcd pioiectmg cud ot the ixostyle Holl Piot 
X4 800 
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PLATE 36 


Tutnchomonas minis (Grassi) fiom CiUllus lateiahs 
cin ysodeu us 

a, Diaginm slio'\\ing the filament at the bolder of the undulat¬ 
ing raem])iane, the recuireiit flagollinn which has separated from 
the memlnane, the costa, the parabasal body applied to the dorsal 
surface of the nucleus, the blephaxoplasl, and the three tslendoi 
anteiior flagella. Holl. Prot. x 3,600. 

h. Flagellate parasitized by a microoiganibm,^‘;Sphaenta tmeho- 
monad The specimen shows well the gioups of paia-axostylar 
granules in their relation to the anterior part of the axostyle, the 
absence of expansion in the capitulum, the low of paracostal 
granules, and other structural features. 8. Held, x 4,330. 

e. Flagellate parasitized by a different micioorganism from 
that of b. It appears as a globular group of granules. S. Ileid. 
X 4,330. 

d-g. Diagrams shov ing the foim and topographic lelationships 
of the parabasal body. IIoll. Prot. x 3,600. 
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EESPIEATOEY METABOLISM OE CEETAIH 
EEPTILES AND AMPHIBIA 


BY 

S. F. COOK 

(Contribution from the Division of Physiology, Medical School, University of California) 


INTRODUCTION 

In the bablt spring of 1941 the author, in collaboration with Dr. Robert E. 
Smith, then at the University of California, initiated a series of studies de¬ 
signed to explore the field of metabolism in small terrestrial cold-blooded 
vertebrates. The great work of Benedict (1932) had brought to ligltt many 
interesting facts concerning the large reptiles; Wells (1936) and Sumner and 
Doudoroff (1938) had opened up the field of re^iratoiy metabolism in fishes; 
and many investigators were active in the realm of marnTTifllian Tnpitfl.hnligm. 
Enowledge of the small reptiles and the amphibia was needed to fill the gap 
in the vertebrate series. 

This investigation was begun, and was progressing favorably when the 
Second World War intervened and forced complete discontinuance. Since the 
dose of the war there has been no opportunity to make a new beginning. 
Hence it seems appropriate to record the results obtained up to December of 
1941, fully recognizing that the data are incomplete and that any concluaons 
drawn from them can be only tentative. 

MATERIAL AND METHODS 

The experimental material included two salamanders, Bairachoseps attemiatus 
and Aneides lugvbria, both collected during the winter months in Berkdey, and 
several lizards: Xaniusia vigUis, Dipsosaurus dorsalis, Uma notcUa, Cokonyx 
voBriegaim, and Crmnidophorus tesseUcdm. The lizards were all takm during 
April in the southern deserts between Walker Pass and Palm Springs. The 
salamanders were kept on damp earth in jars in the laboratory and were 
occasionally fed small insects such as termites. No attempt was made, however, 
to keep specimens for long periods since the supply could be easily renewed at 
any time. The lizards were maintained in large cages or glass aquaria on leaf 
litter or sand. The room was warm and sunny. The feed conasted of meal 
worms, termites, and dandelion blossoms. The animals remained in good con¬ 
dition, without appreciable loss of wei^t, well into the subsequent early 
winter. 

Metabolism was measured by a simple modification of the Warburg mano- 
metric method of determining the oxygen consumption and carbon dioxide 
production. The horizontal limb from the manometer which connects nor¬ 
mally with the rc^iration vessel was replaced by a very heavy, thick-walled 
rubber tube which in turn was attached to a nipple set into the middle of an 
ordinary metal screw cap. The latter could then be screwed down on a giass 
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mason jar of any desired volume. The connection was sealed with a rubber 
ring. Careful preliminary trials showed no appreciable air leak even when the 
jar was set into a water bath and the temperature varied between wide limits. 
An alkali inset, placed out of reach of the animal, eliminated carbon dioxide 
and permitted the direct measurement of oxygen consumption. Parallel deter¬ 
minations with and without alkali measured the carbon dioxide production. 

It was of course impossible to secure a basal metabolic rate in the human 
and nlim'nfl.1 sense. As an alternative it was necessary to utilize the concept of 
standard metabolism.^ The latter envisages a condition wherein the aniTnal 
shows physical activity but the degree or level of activity is not excessive and 
is reproducible. With reptiles and amphibia maintained undisturbed in a jar, 
in a moderate or dim light, with no mechanical or auditory stimuli, optimum 
conditions are obtained. From time to time there will be some spontaneous 
activity, particularly at higher temperatures, but this may be very adequately 
compensated by taking readings over a long period so as to secure a good aver¬ 
age and by repeating the determinations on the same or similar animals until 
the mean value has real statistical significance. 

The results were expressed uniformly as cubic millimeters of oxygen con¬ 
sumed per animal per hour or per gram weight per hour, depending on which 
was more appropriate for a particular purpose. 

INFLUENCE OF BODY SIZE 

According to classical theory, in the mammal the metabolic rate is a function 
not of the wei^t or mass of the animal but of its surface area. This hypothesis is 
predicated upon the thesis that the heat production is dependent on the mass, 
whereas the heat loss is determined by the radiating surface. As the animal 
increases in size the smrface increases as the square of the linear dimension and 
the volume or mass as the cube. Hence, following the surface-volume ratio, 
the metabolism should be proportional to the two-Uurds power of the waght. 
Expressed as an equation, if w equals wei^t or mass and h equals heat pro¬ 
duction or oxygen consumption: 

h = kw^, or more conveniently 
logh = logft -|- tlogw. 

If the data are plotted logarithmically, therefore, the figure should be a 
strai^t line with the exponent f denoting the slope of the line. 

The real existence of this precise relationship has been questioned in recent 
years with regard to mammals. Much evidence has been adduced to show that 
in certain members of this class the slope or exponent is not actually two-thirds 
but nearer three-quarters. Regardless of this controversy, however, it has long 
been recognized that the lower vertebrates, not being homoiothermic, must 

^Maiw investi^tors l^ve attempted to place such animals under anaesthesia. This pm- 
cedure, nowever, involving the use of any known narcotics, leads to as many difficulties 
as does the attempt to reach a standard rather thari a basal condition. Consequently no 
narcosis was employed in these experiments. 
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coofonu to a different set of principles. Indeed the interrelation between mass 
and surface is still far from clarified. It had been the intention in this investiga¬ 
tion to examine carefully the weight, surface, and heat production of a sala¬ 
mander, Triturus torosus, but the work was stopped before xmeipiivocal results 
were secured. 

It was possible, however, to determine the slopes of the lines for several other 
species. The measurements of oxygen consumption were all made at 20“ C. 
The numbers in parentheses indicate the number of separate determinations. 


Animil 

Xantusia. 

Dipsosaurus... 
Gnemidopliorus 

Uma. 

Aneides. 


Numerical value 
of elope 
. 0.892 (24) 

. 0.930 (48) 

. 0.984 (31) 

. 0.910 (59) 

. 0.716 (83) 


None of these slopes conforms to the two-thirds rule. Furthermore, the four 
lizards all show quite high values (0.89 to 0.98), whereas the salamander is very 
much lower. Some preliminary observations on Triturus indicated that this 
salamander also shows a slope in the vicinity of 0.7. Measurements on Batron 
(Sweeps were made in groups. Within each group the animals were of almost 
identical weight and hence the mean respiration of a group could be taken as 
that characteristic of any individual of comparable size. The total number of 
groups is too small for a very reliable determination of the slope. However, a 
rough plot gives a visual estimate somewhere between 0.7 and 0.8. The rela¬ 
tion between mass and surface therefore appears to be different in lizards from 
that in salamanders. No explanation can be given at present save the sugges¬ 
tion that the cause may lie in the possibility of respiration through the moist 
and relatively thin skin of the salamander, whereas the integument of the lizard 
is dry, thick, and presumably impermeable to oxygen. 

INFLUENCE OF TEMPEEATUBE 

The respiratory gas exchange of all the animals was studied through a range 
of temperatures extending from 4“ C to as high as 30“ C. A few tests were made 
in a bath of ice water with a temperature of 0.3“ C. When exposed to extreme 
cold both salamanders and lizards went into a state which might be described 
as cold rigor. They became motionless and in some cases so stiff that they 
could not be bent with the hands. Nevertheless, recovery under warm condi¬ 
tions was alwa 3 ^ very rapid. Meanwhile metabolism continued, although at 
a very slow rate. As the temperature was raised spontaneous activity uni¬ 
formly increased, as might be expected, up to an optimum. Thareafter the 
animals became sluggish, then motionless, and finally, if the temperature 
approached the lethal limit, they died. It is noteworthy that the lizards of all 
five genera endured a temperature of 36“ C without serious aftereffects but 
the salamanders of both genera reached their limit at 28“ C and were killed 
at a temperature of 82“ C. 
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The data relevant to the effect of temperature on gas exchange may be pre¬ 
sented first in tabular form. In the accompanying table are given the values 
for oxygen consumption in terms of cubic millimeters of oxygen consumed per 



Fig. 1. Temperature curves. The ordinate is the logarithm of the 
oxygen consumption per gram per hour and the abstnssa the recip¬ 
rocal of the absolute temperature. Xantima is represented by dots 
and Dipsosaurus by crosses. 



gram per hour for the entire range of temperatures employed. Each value is 
the mean of at least six, and usually many more determinations. 

The differences between the animals of the various genera are depicted in a 
more stri king m an ne r when the data are plotted graphically. Figures 1 to 3 
show the temperature curves when the logarithm of the oxygen consumption 
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is plotted against the reciprocal of the absolute temperature. As is frequent in 
such graphs of temperature the relationship is linear. Moreover for three of the 
genera, sharp breaks in the graphs show a discontinuity in the relationship at 
certain critical temperatures. 



Arntriftl 

0.3« 

n 


12* 

16* 

20* 

24* 

28* 

36* 

Xantusia. 


11.1 


29.8 


65.2 


160.5 

272.0 

Dipsosaurus. 


6.6 


17.4 


47.3 


109.5 

242.0 

Coloonyx. 


10.8 


25.7 


57.2 


152.0 

278.0 

XJma. 


8.5 


32.2 


85.2 


104.5 

162.0 

C5nemidophorus. 


14.0 


34.7 


102.5 


267.0 

219.0 

Aneides. 

14.1 

17.5 


29.8 


44.7 


70.0 


Batrachoseps. 

17.4 

27.5 

40.7 

46.3 

61.0 

69.2 

103.5 

132.0 



The customary method for expressing the quantitative value of the tempera- 
ture-re^iration relationship is by means of the slope of the lines. The 
latter is calculated, in each instance, with the use of the equation 

In (rate at TV) — In (rate at Ti) = ^ 

where In is the natural logarithm, “rate” is the oxygen consumption per gram 
per hour, Ti is a selected lower temperature and Tt a selected hi^er tempera¬ 
ture. The constant ju is the so-called critical thermal increment or the temperar 
ture “characteristic.” According to the theory oiiginaily developed by 
Arrhenius and widdy applied by Crozier to biolo^cal processes, it represents 
the heat of activation of the reaction which controls the process under con- 
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sideration. The theoretical significance of n has been the subject of much con¬ 
troversy and need not concern us here. However it is hi^y useful as a purely 
empirical expression for the intensity of the temperature effect. The following 
table gives the characteristics for the graphs in figures 1 to 3: 


Animal Value of n 

Xantusia (4°-28'’). 18,770 

Xantusia (28“-36°). 12,000 

Dipsosaurus (4®-86®). 16,730 

Coleonyx (4‘’-36?“). 17,820 

TJma (4“-20°). 23,780 

Uma (20‘’-36"). 6,600 

Cnemidophorus (4°-28°). 20,010 

Aneides (0.3“-28°). 11,000 

Batrachoseps (0.3'’-28°). 11,260 


All five genera of lizards, in the lower temperature range, yield characteris¬ 
tics between 16,000 and 24,000. Of these the hipest is shown by Uma and 
the next by Cnemidophorus. The former is very active and inhabits sandy 
spots in the Colorado desert which may become exceedingly hot in the summer. 
The latter is likewise found in very hot habitats and is unusually active 
physically. Of the other three genera two (Xantusia and CoUonyx) are noc¬ 
turnal and the third (Dipsosaurus) is relatively sluggish in its behavior. Now 
Uma and Cnemidophorus show clear breaks in their temperature graphs, the 
former in the vicinity of 20° and the latter near 28°. Cnemidophorus indeed 
actually has a negative temperature characteristic (if such a thing is possible) 
between 28° and 36°. But Dipsosaurus and CoUonyx give evidence of no such 
effect. Xantusia appears to lie in an intermediate position, with a sli^t to 
moderate effect above 28°. One cannot maintain that the data here reported 
demonstrate imequivocally a direct association between metabolic organiza¬ 
tion and habitat or neuromuscular constitution, but the problem here posed 
merits further experimental exploration. 

The values of p characteristic of the two genera of salamanders (11,000 and 
11,260), while constant throughout the entire temperature range studied, are 
notably below those found for the lizards. This may indicate an inherent 
genetic or phylogenetic difference or it may be associated with activity level 
or type of habitat. Speculation, however, serves no useful purpose. In order 
for comparisons and correlations to assume great theoretical significance, it 
would be necessary to examine the temperature curves of a large number of 
species selected with reference to both phylogenetic and ecological factors. 

EESPIBATOBY QUOTIENT 

With some of the animals the carbon dioxide production as well as the oxygen 
consumption was measured. This made possible the calculation of the respira¬ 
tory quotients. Unfortunately because of the rather high variability of the 
data, not enoi^ measurements were made to be absolutely certain of the 
results in detail. Nevertheless, the broad picture is reasonably clear, as demon¬ 
strated by the following table. In this table it has not been feasible to break 
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the data down according to individual genera, hence the results for all the 
lizards collectively are consolidated and contrasted with those for the sala¬ 
manders. 

The low value of these quotients is remarkable. The E.Q. never exceeds 
.764 (althou^ some of the individual determinations were higher). The im¬ 
mediate conclusion would be that these reptiles and amphibia were burning 
fat predominantly (oven though at moderate or high temperatures they showed 
considerable muscular activity). However, before final acceptance of such a 
conclusion, confirmation of these experiments would be necessary. 


Mean H.Q. at 


A’nimft.l 

4® 

8® 

12® 

16® 

20® 

24® 

28® 

82® 

86® 

Salamanders. 

.432 

.467 

.629 

.613 

.715 

.760 

.686 

.704 


Lizards. 

.625 


.739 

.... 

.764 

.... 

.751 

.... 

.702 


The most singular feature of these data, and one which was observed re¬ 
peatedly, is the very low values obtained with both lizards and salamanders 
at temperatures ranging from 4® to 12®. A quotient below .6 can scarcely be 
ascribed to the oxidation of any commonly occurring foodstuff and some other 
process must be making itself manifest. One possibility would be a massive 
retention of carbon dioxide in the blood or tissues. However, there appears to 
be no change in the respiratory quotient at the low tmperature throughout 
several hoiu:s of exposure, and when the aidmal is restored to a hi^er tempera¬ 
ture there is no tendency for the E.Q. to reach unusually high levels as mi ght 
occur if stored carbon dioxide were rapidly released. The observation must 
therefore be recorded without further comment. 


INTRINSIC OXYGEN CONSUMPTION 


In view of the intergeneric differences brou^t to Ught by study of the tempera¬ 
ture effect, it appeared possible that there could also be variations in what 
might be called the intrinsic metabolic rate. By the latter is meant the respira¬ 
tory rate of a unit wei^t of tissue at a constant temperature. To obtain such 
a value the effect of body size must be excluded. This can be done with the data 
at hand since we know the slope of the line, that is, the numerical constant 
expressing the rdationship between body weight and oxygen consumption. 
If we let r represent the respiratory rate in terms of oxygen consumption per 
hour and w represent the weight in grams, then the general equation may be 


logr = logfc -f a:logw 


where k is a proportionality constant and x is the exponmit of the wei^t. 
Knowing x for a particular type of animal and selecting an arbitrary wei^t, 
say one gram, we can eliminate the influence of size by substituting the appro¬ 
priate values in the following equation: 

logn = log ra -flog lOi — a:l(^Wa. 
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Here x is the exponent or slope of the line, Wi the weight in grains of the fl.TiiTnq| 
for each separate measurement, toi the desired weight (in this case one gram), 
ri the observed respiratory rate expressed as cubic millimeters of oxygen con¬ 
sumed by the whole animal per hour, and ri the calculated rate of oxygen 
consumption per gram. 

The necessary calculations were made for five of the seven genera here re¬ 
ported. The number of experimental measurements made with Coleonyx at 
20^ C, the temperature selected, were too few for adequate statistical sig¬ 
nificance. The representatives of Batrachoseps used were all quite close to one 
gram in weight (the average was 0.931 gram) and hence no good respiration- 
weight graph could be constructed. However, a close approximation is possible 
since our reference weight is one gram. Using simple proportion involves a 
slight error but the result will be of the correct order of magnitude. We find 
therefore the following intrinsic respiratory rates for six genera and their 
combinations: 


Inlrinsio oxygen consumption por gram per hour at 20** C 


Animn.! 

cu. mm. O 2 

Standard 

deviation 

Standard 

error 

Xantusia. 

136.6 

=t39.7 

=b 8.5 

Dipsosaums. 

51.6 

d=27.0 

d= 3.9 

Cnemidophorus. 

115.1 

d=83.3 

±15.2 

Uma. 

197.4 

=i:77.4 

±10.2 

Aneidcs. 

387.0 

d= 1.2 

± 0.1 

Batrachoseps. 

75.7 








Combinations 

Mean 

diilerence 

Critical ratio 
of the means 

Umo-Xantusia. 

60.8 

4.60 

Uma-CnemidophoniB. 

82.3 

4.60 

Uma-Dipsosaurus. 

345.9 

13.76 

Xantusia-Cnemidophorus. 

21.5 

1.24 

Xantusia-Dipsosaurus. 

85.1 

9.15 

Cnemidophorus-Dipsosaums. 

63.6 

4.05 

Aneides-Uma. 

189.6 

152.00 



From the above tables it is evident that the different genera of cold-blooded 
animals differ widely in metabolic rate, that the different rates are definitdy 
not referable to divergence in body size, and that they possess hi^ statistical 
sigmficance. The gaps are too great to be accounted for by fluctuations in 
muscular activity or by variations in nutritional state under the experimental 
conditions employed. They must therefore be regarded as inherent in the spe¬ 
cies itself, and hence of a fundamental character. Whether the explanation of 
this phenomenon is to be sought in the structure of the cardiovascular S 3 istem 
or in the cell metabolism of these animals, or whether it is referable to genetic 
or ecolo^cal factors can be determined only by further intensive investigation. 
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SUMMAEY 

1. By a modified manometric technique the respiratory metabolism was 
measured in five species of lizards (Xantusia vigilis, Dipsosaurus dorsalis, Uma 
notata, Cnemidophorus tesscUatus, and Coleonyx variegatw) and in two species 
of salamanders {Aneides lugubris and BcUrachoseps attenuatus). 

2. When for each species the logarithm of the oxygen consumption per ani¬ 
mal per hour is plotted against the logarithm of the weight, straight lines are 
obtained having slopes with values near 0.9 for lizards and 0.7 for Aneides. 

3. The temperature characteristics, calculated by means of the Arrhenius 
formula, lie between 18,000 and 24,000 for lizards and near 11,000 for sala¬ 
manders, all at moderate and low temperatures. At higher temperatures (up 
to 36° C) Xantusia, Uma, and Cnemidophorus show much lower character¬ 
istics—^perhaps associated with the mode of life of these animals. 

4. The respiratory quotients are all m the range of .7 except that at tempera¬ 
tures of 12° C or less the quotients may be even lower. 

5. If the effect of body size is excluded, the intrinsic metabolic rate of the 
seven species, based upon one gram of tissue, differs widely. It is possible that 
we are dealing here with inherent speciSc or generic differences. 
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OBSERVATIONS ON FLAGELLUM STRUCTURE 
IN FLAGELLATA 


BT 

DOKOTHT E. PITELKA 

INTRODUCTION 

Until the advent of the electron microscope the protistan flagellum was 
generally considered (see for example Calkins, 1933; Hyman, 1940; Kudo, 
1946), on the basis of light microscope studies, to consist of two distinct ele¬ 
ments: a central or eccentric fiber, the axoneme, and an enveloping cyto¬ 
plasmic sheath. Opinion differed as to which of these elements was responsible 
for contractility. The existence of subfibrils within the axoneme had occa¬ 
sionally been reported (e.g., Korschikow, 1923). In addition to these funda¬ 
mental structures, one or more rows of numerous, fine filaments extending 
laterally or radially from the flagellum were first described by Loeffler (1889) 
and later by numerous authors, but their existence as real entities gained only 
partial acceptance. Many flagella were seen to bear a single terminal fine 
filament, which was generally supposed to be a free continuation of the axo¬ 
neme. The presence on the flagellum of either lateral or terminal filaments, or 
in some cases both, was observed by authors who were able to demonstrate 
them to be a remarkably constant character within the larger systematic 
categories, and the suggestion was made that fliagellum structure might have 
taxonomic significance (Vlk, 1938). 

Recent studies emplo 3 dng the electron microscope, with its relatively tre¬ 
mendous resolving power, have considerably refined our knowledge of flag ellar 
structure, although much remains to be learned. Many protistan flagella, as 
well as cilia and sperm tails, are seen to consist, at least in part, of several 
longitudinal fibrils (e.g., Schmitt, review, 1944; Jakus and Hall, 1946). In 
some cases no other structure is revealed; in others a sheath is found, contain¬ 
ing or consisting of a closely wrapped helical fibril (Schmitt, HaU and Jakus, 
1943; Brown, 1945). Furthermore, the lateral filaments, or mastigonanes, 
show clearly on some, but not on all, electron micrographs of certain species 
(Broun, 1945); their significance and point of origin are not understood. 

The almost invariable demonstration of longitudinal fibrillar organization 
in the relatively few flagella thus far electronically examined obviously makes 
it desirable to study numbers of additional species to discover whether such 
organization is actually universal in these contractile organelles. The need for 
further inquiry into the occurrence and structure of sheath and mastigonemes 
is patent. Furthermore, the possibility that certain aspects of fliagellar struc¬ 
ture are constant within, and characteristic of, groups of related flagellates 
needs to be probed by careful study of several series of closely related species. 
This paper presents the results of a comprehensive study of ax species of the 

[877 ] 
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order Euglenida, employing specimens stained for light microscope examina¬ 
tion, living organisms seen in dark-field, and electron micrographs of dried 
specimens. All of the generally recognized families except the Colaciidae are 
represented. 

Deflandre (1934) has suggested a useful set of terms for the designation of 
fla g ellar types on the basis of the presence and position of appendages. 
Although evidence to be presented here indicates that lateral and terminal 
filaments may be products of degeneration, yet they are distinctive and char¬ 
acteristic enough to warrant use of such terms. Deflandre’s terminology vtU 
be employed as follows: (1) acronematic flagellum, bearing a single terminal 
filament; (2) stichonematic flagellum, bearing a single row of lateral mastigo- 
nemes; (3) pantonematic flagellum, with two or more rows of mastigonemes, 
the question of bilateral versus multilateral origin of mastigonemes in these 
cases being still unsettled; (4) pantacronematic flagellum, with a terminal 
filament plus two or more rows of lateral mastigonemes (a stichacronematic 
flagellum has never been described); (5) simple flagellum, with no structure 
of this order, or none described. Fischer’s (1894) German term, “Flimmer” for 
mastigonemes has been employed by Brown (1945), but, although it has 
priority, I believe that Deflandre’s complete terminology is more manageable 
in English. The use of the term “cilia” for mastigonemes (Foster et al., 1947, 
and others) seems to me unreasonable, since the word refers to well-defined 
structures which most obviously are not mastigonemes. Deflandre’s use of 
“mastigoneme” for the terminal filament of acronematic flagella is likewise 
to be rejected, since there is no evidence to indicate that they represent similar 
structures. 

Ackmwledgrnent .—wish to express my sincere appreciation to Professor 
Harold Kirby for guidance and criticism throughout the course of this study, 
to Professor J. E. GuUberg for his active interest and invaluable aid in optical 
techniques, to Professor F. A. Pitelka for continuous encouragement and 
practical assistance, to Professor R. M. Eakin for many courtesies, and to the 
Department of Zoology in the University of California for making possible the 
use of the electron microscope. The pure cultures of euglenoid flagellates had 
been sent to the laboratory by Professor R. P. Hall before this study was 
begun. The microscope was operated by Dr. Alfred Einarsson, now of the 
University of Southern California, and Mr. Stuart Mackay of the Department 
of Physics in the University of California. Grateful acknowledgment for advice 
and aid in technical and other matters, or for preparation of some of the draw¬ 
ings, is made to Professor T. E. Rawlins, the late Professor Sumner C. Brooks, 
F. P. Filice, and Mrs. Elizabeth W. Leopold. I should also like to thank Dr. 
Harley P. Brown of Queens College, New York, who has kindly permitted me 
to publish one of his electron micrographs here as plate 37, a, and the Electron 
Microscope Laboratory of Ohio State University for making available to me 
the necessary negative. Part of the work here reported was done during the 
tenure of an Abraham Rosenberg research fellowship in the University of 
California, Berkeley. 
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REVIEW OP LITERATURE 

A comprehensive survey of the work of previous authors on flagellar structure 
is presented in the recent paper of Brown (1945). For the purposes of this 
study, a discussion, chiefly of some papers which have dealt with details of the 
euglenoid flagellum, as well as of recent electron microscope investigations, 
is necessary. 

Fischer (1894), employing a mordant and stain developed by Loeffler (1889), 
was the first to note the presence of mastigonemes on the flagellum of a 
euglenoid, Euglena viridis. They were arranged in a single row, appearing on 
only one side of the flagellum at any point, and distributed from the base to 
nearly the tip. All seemed to be of the same length and were oriented in the 
same direction on any one flagellum. He believed the mastigonemes were 
active and coordinated, possibly serving to direct currents of water toward 
the reservoir. He also made observations of internal structure and corroborated 
a previous report by Klebs (1883) of the extreme susceptibility of euglenoid 
flagella to disintegration following mechanical disturbance. Transfer of a drop 
of culture to a slide was found by Klebs in many cases to initiate a destructive 
process characterized by swelling of the tip of the motile flagellum, followed 
by casting and rapid disintegration with spherule formation. Susceptibility 
varied with the species, and many flagella tended to roll up after being cast. 

Dellinger (1909) subjected flagella of Euglena sp, and Chilomonas para- 
mecium to mechanical pressure between slide and cover slip and reported that 
each flagellum separated into four distinct fibrils of equal length. A number of 
species of phytomonads and euglenoids were studied by Korschikow (1923) 
who reported that in these groups the flagellum consisted of a thin axial 
thread, surrounded by a contractile protoplasmic sheath, itself differentiated 
into a contractile substance proper and an outer layer. At the onset of disinte¬ 
gration, the intermediate contractile substance was the first to be destroyed 
at some point along the flagellum. The outer layer became distended at this 
point and the axial thread was drawn into the vesicle thus created, forming a 
coil. Ultimately the blister broke and the axial thread again stretched out. 
The axial thread, he stated, consisted of a very large number of thin fibrils. 
In Perancma trichophorum the axial thread consisted of three thick fibers which 
became separated from one another when the organism was killed with gentian 
violet. 

Mainx (1928) described for the flagella of some euglenids a central or eccen¬ 
tric axial thread surrounded by a layer of fluid plasma w'^hich on destruction 
aggregated in drops. Employing Loeffler^s technique, he saw unilateral masti¬ 
gonemes on the flagella of Euglena viridis and Phacus pleuronectes and pub¬ 
lished good photographs of the latter. He believed the mastigonemes were 
probably rigid and inactive, serving to increase the surface of the flagellum. 
He examined but was unable to demonstrate mastigonemes on the flagella of 
Euglena ruhida, E, anabaenaf E, gracilis and Rhabdomonas imurvum (= Men- 
ddium incurvum ). 
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Petersen (1929), also using Loeffler’s stain, reported stichonematic flagon^ 
from several species of Euglena, Phacus pyrum, and Trachelomonas volvocina, 
although other species of Tradielomonas appeared to have simple flagella. 
Both he and Mainx suggested that submicroscopic fimbrillao might be present 
on flagella on which they were not demonstrable by known techniques. Peter¬ 
sen’s review pointed out the strikingly uniform appearance of flagellar types 
within the larger systematic categories. Ho, like Fischer, believed the masti- 
gonemes were motile. 

Deflandre (1934) studied a number of species of euglenoids, as well as other 
forms, using a nigrosin background stain. He reported stichonematic flagella 
for species of Euglena, Astasia, Phacus, Trachelomonas, Rhabdomonas (= Jl/en- 
oidium in part), Lepodnclis and Distigma. From observations on Euglena 
gracilis and Astasia dangeardii, which were found to have identical flagella, 
he reported that the mastigonemes were spaced about 1.0 to 1.5j« apart along 
the flagellum, were 3.0 to 3.5m long, and of a thickness calculated at about 0.5 
to 0.8m- The angle between mastigoneme and flagellar axis was not usually 
constant, even on a single flagellum, and he assumed that the filaments were 
supple and articulated. He did not find mastigonemes on some species of the 
above genera and believed that here they were too short and thin to be detect¬ 
able. He also studied Peranema trichophorum, Petaiomonas mediocanellata, 
Anisonma acinus and Entosiphon sulcatum without discovering any mastigo¬ 
nemes. 

A comprehensive review and discussion of previous work on flagellar ap¬ 
pendages was presented by Vlk (1938), who had also studied many additional 
flagellates. His characterization of flagellar types may be cited here. In the 
acronematic flagellum, according to hun, the basal portion was usually rela¬ 
tively stout, and showed a tendency to stretch. The relative sizes of flagellum 
proper and the terminal filament varied in different species; the filament might 
be only a submicroscopic tip or might be as much as three times the length of 
the base; the filament might be tightly rolled or coiled, or it might be relatively 
rigid and nearly as thick as the base. Flagella with mastigonemes, he said, 
varied in the length and spacing of the latter, and in the angle at which masti- 
gonanes were set on the axis, as well as in the arrangement of the mastigo¬ 
nemes in one or more rows. There was no clear evidence to indicate whether 
those flagella bearing what appeared to be two rows of mastigonemes might 
not actually be beset on all sides with the fimbrillae. 

Up to this time all methods of demonstrating stichonematic or pantonematic 
flagella had involved the drying in air of specimens to be examined, a fact 
which lent support to those who argued that the mastigonemes were artifacts 
(e.g., KorscMkow, 1923). Acronematic flagella with relatively heavy whip 
ends had been seen in life by several investigators. Vlk, however, was able to 
see pantonematic flagella on living specimens of Mdlomonas acaroides by 
dark-field illumination. Two rows of mastigonemes were evident, each mastigo¬ 
neme being about six times as long as the width of the flagellar axis. His obser¬ 
vations were corroborated by colleagues at the German University in Prague. 
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Other species showed mastigonemes in dark-field after light fixation with 
iodine. 

Vlk proceeded to collect all the available data on fiagellum types (according 
to presence and type of appendage on the flagellmn), which he tabulated 
according to taxonomic groupings; the essential points of his tabulation are 
given hero in tabic 1. Observations on the dinoflagellates were insufiicient to 
warrant any conclusions, but Vlk’s studies seemed to support the evidence of 
Awerinzew (1907) and Entz (1928) for a band-shaped flagellum. The trailing 
flagellum of some trichomonads is also band-shaped (Kirby, 1944). Subsequent 
investigations by Vlk (1939), Couch (1941) and Ellison (1945) of zoospores of 
some fungi have revealed that acronematic, pantonematic and simple flagella, 
as well as flagella with knobbed ends, are present on various species. In papers 
by Couch (op. cit.), Bessey (1942) and Ellison (op. dt.), evidence of flagellar 
types was brought to bear on general problems of fungus phylogeny. 

A greater part of the electron microscope work bearing on the present prob¬ 
lem has been concerned with sperm tails. Baylor, Nalbandov and Clark (1943) 
reported from electron microscope studies of chicken and bull sperm that the 
axial fiilament was made up of numerous long fibrils which appeared in un¬ 
stained specimens to be free at the end of the tail. Harvey and Anderson (1943) 
found in sperm of Arbada punctulata that the tails were frayed into about 10 
strands of \miform thickness, each with a diameter of about SOOA; regularly 
spaced cross striations were sometimes observed. Electron microscope studies 
by Schmitt, HaU and Jakus (1943) revealed that squid and many vertebrate 
sperm tails separated on drying into 9 to 11 fibrils, each 350 to 600A wide, and 
extending the length of the tail without branching or anastomosing. In frayed 
squid tails, all fibers appeared identical and there was no evidence of a differ¬ 
entiated axial bundle or filament. Some unfrayed specimens diowed a greater 
density in the center (their fig. 4a shows quite distinctly two dense lines in 
the central region) and the authors suggested as a possible explanation that a 
symmetrical, fairly close packing of the fibrils with salts, etc., adsorbed might 
cause an appearance of greater density in the center of the bimdle. They found 
that the tail was loss likely to fray if salts in the medium (sea water) were not 
washed out before drying, and offered the suggestion that the hypotonic 
washing water might rupture a binding membrane or leach out an embedding 
substance. A sheath composed of a closely wound hehcal fiber, also 300 to 500A 
thick, was noted, especially on mammalian sperm tails. 

Schmitt (1944) in a review of the literature reported that subfibrils had been 
foimd in all sperm tails thus far examined, the number of fibrils per tail being 
constant within a range of 9 to 12. These fibrils were revealed by Schmitt’s 
experiments to be protein. Finer subfibrils were seen occasionally. 

The paper of Schmitt, Hall and Jakus (1943) was among the first to include 
electron micrographs of protistan flagella. The authors found that the flagella 
of Trichmympha sometimes were frayed into evenly contoured parallel fibrils 
250 to 400A in widfh and extending the full length of the flagellum. Cilia of 
FrorUonia and other infusoria were likewise frayed. Jakus and Hall (1946) 
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TABLE 1 

Systematic Summary of Flagellum Types (after Vlk, 1938) 

(P = pantoncmatic. A = acronematic. S = stichoncmalic. PA = pantacronematic.) 


A. Chrysophyta 


1. Chrysopliyceae 

Chromulina sp.IP 

Mallomonas acaroides.... IP*' 

M acrocomos . IP 

Sytiura uvella .IP lA 

Uroglemvohox .IP lA^ 

Dinobryon sertularia . IP 1A 

Monas min irna .IP lA*’ 

M. sociahilis . IP 1A ^ 

M.amoehina .IP lA*' 

2. Hcterokontae 

Botrydiopsis arhiza .IP lA 

Heterococcus sp .IP lA 

Trihonetna sp. IP lA 

Botrydium granulatum ,... IP lA** 


B. Chlorophyta 


1. Chlorophyceae 

Spermatozopsis exultans ... 2 A ® 

Haematococcus pluvialis^.. 2A 

Carieria sp. 4A 

Chkmydomonas fusiformis 2A 

C. sp. 2A 

C. dorsoventralis . 2A 

Chlorogonium euchlorum .. 2A 

C. aculeatum . 2 A 

Lohomonas regular is. . . 2 A 

Diplostauronangulosum .. 2A 

Brachiotnonas sulrruirim.. 2 A 

Pteromonas angulosa . 2 A 

Polyioma uvella . 2A 

Dunaliella salina . 2A 

Chlamydohoirys gracilis ... 2A 

Oonium pcctorale . 2A 

Dictyococcus irregularis. . 2A 

D. minor . 2A 

Chlorococcum sp. 2A 

Uhthrix zonata . 2-4 A 

Draparnaldia acuta . 2-4A 


C. Euglenophyta 


1. Euglenaceae 

Euglenaohlonga . IS 

E. genicvlata . IS 

E.piscijormis . IS 

E. gracilis .IS 

E.viridis .IS 

Phacus pleuronectes . IS 

P.pyrurn . IS 

Trachelomonas volvocina .. IS 

Astasia dangeardii . IS 

Menoidium^ incurvum .... IS 

Menoidum^longum . IS 

Distigma proteus . IS (or 2?) 

D.pseudoproteus .2S 

D. minima . IS 

Urceoluscyclostomus .IS 

D. Zoomastigophora 

1. fantostomatinae 

Mastigamoehahutschlii... lA 

Cercohodo crassicauda.,.. 2A‘' 

2. Protomastiginae 

Oicomonas sodalis . IP 

Codonosiga bolrytis .IPA or lA 

Salpingoeca sp . IPA 

Dendromonasvirgaria .... lA^ lA' 

Bodo sp. 2A 

B. miitahilis . 2A*' 

B. angustus . 2A 

B. minimus . 2A 

Spongomonasintestinum . 2A® 

3. Distomatinac 

Trepomonassteinii . 2A^ 6A 

T.rotans . 2A^ 4A 

T.agilis . GA** 2A' 

Urophagus rostraius . 8A 

Hexamitus inflatus . SA*' 


^ Seen in living specimens. o » Sphaerella lacustria . 

^ Terminal filament reduced. ^ - Rfuibdomonaa . 
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found similar structures in the cilia of Paramecium, the fibrils numbering about 
11. In specimens fixed before diying, the fibrils usually adhered in one bundle. 
They saw occasional specimens in which the fibrils appeared as two bundles at 
the unfrayed proximal end of the cilium. No evidence was reported of any 
structure which would seiwc to bind the fibrils together in life, with the excep¬ 
tion of a poorly defined cross-striation which was noted in a few cases, and 
which they suggested could possibly be a remnant of a binding structure. 

Brown (1945) studied the flagella of Astasia klebsii, Euglena gracilis, Oehro- 
mmas variabiUs and Chilomonas paramecium and reported: “Each flagellum 
is of approximately uniform diameter throughout its entire length. . . . 
flagellum consists of a denser axial core (axoneme) and a less dense sheath 
surrounding the core. ... In the flagella of Euglena and Astacia, the axial core 
appears to consist of two closely approximated fibers of equal size. . . . The 
sWth appears to contain or to consist of a coiled fiber which encircles the 
axial core in the form of a helix . . .” (p. 262). His electron micrographs are 
the first to show mastigonemes. On the flagella of Euglena gracilis and Astasia 
klebsii these occur in a single row and are about 1.5 to 2.0/i in length; on the 
flagellum of Ochromoruxs variabilis they are arranged bilaterally or multi- 
laterally, and Brown estimated their dimensions at about 0.5/t in length and 
less than 0.01/i in diameter. The mastigonemes are here seen in all cases to be 
twisted and disordered, with none of the neat regularity apparent in some light 
microscope preparations. Brown suggested that this might result from his use 
of a centrifuge in preparation of his specimens. In some of his plates, the 
mastigonemes appear to branch and anastomose to form an irregular network 
along one side of the flagellum. He offered the suggestion “that the lateral 
filaments might possibly be due to the escape (and subsequent coagulation) of 
plasm from a lateral series of minute pores” (p. 262). Brown’s plate 3, A, which 
sho\vs what he interpreted as the helical fiber of the sheath, is reproduced here 
as plate 37, a. 

Foster, Baylor, Moinkoth and Clark (1947) on the basis of electron micro¬ 
scope studios of unidentified flagellates classified flagella in two groups, the 
“ciliary,” bearing mastigonemes and with an axis which appeared to be a solid 
rod or hollow tube or possibly densely packed longitudinal fibers; and the 
fibrous, without mastigonemes and composed of spirally twisted elongate 
fibrils. Their micrographs include stichoncmatic and pantonematic flagella. 
They suggested that the mastigonemes may play some part in movement of 
the flagellum or may “serve to increase the sensory, absorptive, or secretory 
surface of the cell” (p. 120). 

Saxe (1947) in an unillustrated abstract described electron micrographs 
which show the axoneme of the flagellum of Euglena gracilis to consist probably 
of numerous longitudinally oriented components. No mastigonemes were 
demonstrated. The flagella of Octomitus intestinalis (= Hexamitus irUestinalis) 
appeared to consist of a dense axoneme and less dense sheath. Dinichert, 
Guy6not, and Zalokar (1947) published electron micrographs of single cilia 
from the comb plates of the ctenophore, Pleurobraclm, which show, in fixed 



384 TJniversvty of California Publications in Zoology 

specimens, a dense axis and less dense sheath. The axis, in specimens not 
fixed before drying, frayed into several filaments 250 to 300A. in diameter. 

A single recent contribution to light microscope studies of flagella is a paper 
by Owen (1947) comparing the effects of various fixing and staining techniques 
on these organelles. He concluded that mastigonemes are demonstrable only 
by dry fixation (in spite of his cognizance of Vlk’s v ork) and that they are 
therefore fixation artifacts explainable either by Brown’s hypothesis of extru¬ 
sion of plasma through the fiagellar membrane, or by the dislodgment of 
micelles from the sheath, as had been suggested by Barker (1943). Owen found 
that a modification of Gelei’s (1926) osmic-acid-formalin solution was the most 
satisfactory fixing agent for flagella, which never showed mastigonemes when 
fixed thus. Loeffler’s technique proved the most reliable staining procedure. 

MATERIALS AND METHODS 

The organisms studied were from laboratory culttures of Euglena gradlis, 
Astasia longa, Rhabdomonas incurvum, Peranema trichophorvm, Peranema acus 
and Entosiphon sulcatum; some studies of Sphaerella lacustris and Monas vestita 
are included for comparison. Euglena, Astasia, and Sphaerella were grown as 
pure cultures in bacteria-free media; all others in ordinary pea, wheat, hay, or 
soil media mth at least one other protist and abundant bacteria. 

For observations with the light microscope, the stains of Deflandre (1923) 
and Loeffler (1889; see McClung, 1937) were used most extensively. In addi¬ 
tion, fresh dilute gentian violet was used as recommended by Korschikow 
(1923); other flagellar stains were tried but none gave results superior to these. 
Deflandre’s nigrosin relief stain is useful as a quick method of demonstrating 
the contours of flagella and the presence or absence of appendages. Loeffler’s 
mordant and stain were found to be the most valuable of the light-microscope 
techniques employed in study of both intemal and external structure of fla¬ 
gella, in spite of widely variable results. Fixation was accomplished usually by 
alloAving a drop of water containing concentrated living organisms to dry on 
a slide. Rapidity of drying was varied by the use of a vacuum desiccator, by 
placing the slides about six inches from a CO-watt electric bulb, or by permit¬ 
ting the slides to dry at room temperature and humidity. Some preparations 
were made, using Loeffler’s reagents, but without at any time permitting the 
specimens to dry in air. To accomplish this, the organisms were killed by 
adding a drop of 2 per cent osmic acid to 5 cc. of w'ater containing a concen¬ 
trated suspension of cells. The osmic acid solution was then thoroughly washed 
out by repeated centrifugation and the mordanting and staining processes 
were carried on in centrifuge tubes, followed by rapid dehydration in alcohol, 
clearing in xylol, and mounting in balsam. 

Dark-field studies were made of living organisms suspended in distilled 
water, tap water, or culture medium, and of specimens killed by osmic acid 
vapor or by Lugol’s solution. It was found that in spite of the presence of a 
water cooling cell in the path of illumination, the heat from the carbon arc 
lamp necessary for adequate lighting was invariably fatal to the organisms 
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after five to thirty minutes’ observation. This made it possible to watch the 
gradual cessation of movement and to study the immotile fiagellum prior to 
and during disintegration. 

The electron microscope used was an RCA, type B, instrument at the Uni¬ 
versity of California. Spf'cimens verc prepared according to the method of 
Marton (1941), using por cent Parlodion in amyl acetate to make the sup¬ 
porting film. For most preparations living organisms were suspended in dis¬ 
tilled water and then dried in air on the prepared collodion film. This method 
of fixation would bo expected to have a destructive effect on the flagellum and 
preparations made thus cannot be supposed to represent lifelike structures but 
rather stages in disintegration. The method was employed because the ex¬ 
perience of previous authora with electron microscope work, and of the present 
author with light microscope studies, showed that internal morphology of the 
flagellum is frequently more clearly indicated in frayed and partially disinte¬ 
grated specimens than in chemically fixed, unfrayed ones. In some cases the 
organisms were first fixed in hot Schaudinn’s fluid or in Gelei’s (1926) solution 
of 10 parts ot 2 per cent osmic acid and one part formalin, then suspended in 
distilled water and dried in air. In all cases, cultures were initially concen¬ 
trated by centrifuging. 

The electron microscope was calibrated by its operators, who used a quartz 
replica of a diffraction grating as a standard of measurement. 

As has been pointed out by Brown (1945), rupture of the coUodion film in 
the electron beam is a serious hindrance to electron microscope study of large¬ 
bodied organisms such as cuglenoids. A further disadvantage in my work was 
the necessity of using impure cultures of most of the forms employed, where 
bacteria and debris frequently obscure the structures studied, or make it 
difficult to detcnninc by visual examination of the microscope’s fluorescent 
viewing screen whether the stnicture in focus is the desired flagellum. In such 
cases it was nccofesaiy to exclude from consideration all micrographs in which 
the flagellum wjus not atlac'hcd to a recognized euglenoid cell, or in which the 
flagellum was not identifiable as such by certain characteristics revealed by 
other techniques. 

ORIGINAL OBHIOllVATlONS ON FLAGELLUM STRUCTURE 

Jiuglena gracilis 

Stained specimens .—^Almost every appearance attributed to protozoan flagella 
by previous authors (see Brown, 1945) can be found in Loeffler preparations 
of this species. Varisition, both in intensity of stain and in structures seen, is 
extreme, even on a single slide. Considerable variations in the speed of drying, 
or in timing of stops in the staining process, could not be correlated with varia¬ 
tions m appearance of the stained flagellum. In general, preparations which 
were allowed to dry very slowly showed a larger number of frayed or diffuse 
flagella, but this was not always the case. It seems possible that the clumping 
of cells in certain areas on Uro slide, the presence of dissolved salts due to in¬ 
complete washing out of the culture medium, or other factors which locally 
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influence the speed of evaporation of the final film of water during fixation by- 
drying, might cause local variation in the degree and perhaps in the kind of 
destructive change undergone by the flagellum before fixation is complete; 
similar factors might influence the character of the stain. 

Although many instances have been seen of flagella which are uniformly 
stained, or which appear vacuolar or beaded, the majority tend to show a 
differentiation into a dark-stained core and a lighter-stained sheath (see pi. 
39, a, of Astasia longa). In many cases a division of the flagellar core, or axo- 
neme, into longitudinal subfibrils is demonstrable (pi. 37, b). Where singlA or 
multiple axial fibrils are indicated, the substance of the sheath may appear 
swollen and diffuse, or may be entirely absent. The frayed axoneme shows two 
to six fibrils of varjdng widths. 

A phenomenon noted by the majority of previous investigators, which may 
readily be observed microscopically in dying cells, is the tendency of such cells 
to cast their flagella; often the flagella subsequently roll up, for min g a char¬ 
acteristic tight coil. Of those flagella in my Loeffler preparations which are 
partly or completely coiled, many are indistinct, but some show a fibrillar 
knot within the coil, with the sheath substance forming a more or less diffuse 
globe around them (see pi. 39, a, of Astasia). 

Mastigonemes, when present, are about 3/i in length and are spaced at inter¬ 
vals of approximately 0.5 to 0.7 ai unilaterally along the flagellum (pi. 37, c 
and d). They may be straight and orderly in arrangement or, more frequently, 
somewhat tangled and twisted. All the mastigonemes of a single flagellum, 
however, tend to be oriented in the same direction along the flagellar axis, 
although the specific angle between mastigoneme and flagellum may vary. 
Where the flagellum is still attached to the cell, the free ends of the mastigo¬ 
nemes point toward the distal end of the flagellum. If the flagellum is curved, 
the mastigonemes almost invariably appear on the outside of the curve. When 
a flagellum shows internal differentiation into axoneme and sheath, the mas- 
tigonemes, if present, exhibit the same staining properties as the sheath. 

Preparations made by fixation in osmic acid and Loeffler staining without 
drying show flagella with little internal differentiation. In optical section, the 
flagellum appears as a dark-stained cylinder, bearing unilateral mastigonemes. 
As in dried preparations, all mastigonemes on a single flagellum show similar 
orientation vdth respect to the flagellar axis, the free ends being directed alwaj’S 
toward the distal end of the flagellum where this is identifiable. 

A phenomenon seen in these wet-fixed preparations which may be worthy 
of note, although it was observed with clearness too infrequently to be con¬ 
sidered conclusive, is the arrangement of the row of mastigonemes in a loose 
spiral about the flagellar axis. The spiral corresponds to xmdulations of the 
flagellum itself in such a manner that the mastigonemes arise from the outer 
curvature of each bend in the flagellum, and makes two or three complete 
turns about the flagelliun from base to tip. Vlk (1938) noted that in dried 
preparations of Euglcna the row of mastigonemes appeared alternately on 
opposite sides of the axoneme in an apparently spiral arrangement. 
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The nigrosin background stain of course yields no information on internal 
differentiation. Flagella average about 0.6m in diameter. Mastigonemes are 
frequently present, are quite orderly in arrangement, rarely tangled or bent, 
average about 2.4m in length, and are spaced at intervals of about 0.9m along 
the axis of the flagellum. As in Loeffler preparations, mastigonemes appear on 
the outside of any curvature of the flagellum. They are set at an angle usually 
of about 35® with the flagellum, although where the flagellum is straight the 
angle may be less than this; their free ends are directed toward the distal end 
of the flagellum. Occasionally the diameter of the flagellum decreases sharply 
near its end, to terminate in a short, slender, usually straight fiber not unlike 
the terminal filament of some acronematic flagella. 

Among my nigrosin preparations a single slide, prepared by the same method 
as the others, showed large numbers of flagella with mastigonemes differing 
rather markedly in size from those on the majority of slides. Although the 
flagella were of about the same diameter as usual, the mastigonemes were very 
thick, about 3.5m in length, and spaced at intervals of about 1.8m along the 
flagellum (pi. 37, e). Their arrangement was regular and their orientation 
normal. 

Dark-field studies .—The typical reaction of living E. gracilis to the rigors 
of dark-field illumination is a gradual slowing of locomotion, with momentary 
intervals of complete quiescence during which the flagellum may be observed. 
Eventually the flagellum is broken off, usually at the point where it enters the 
neck of the reservoir, and it may continue active contraction for several seconds 
after being cast. Frequently, before or shortly after the flagellum is cast, a 
bulbous swelling appears at some point, and may gradually increase in size 
at the expense of the length of the flagellum until most or all of the flagellum 
apparently is drawn into the blister, which however stUl appears optically 
empty. More often the bleb remains fixed at a relatively small size imtil a 
tjrpical granular disintegration of the entire flagellum sets in. Some motility 
may be retained after bleb formation, in the portion of the flagellum proximal 
to the bleb. 

During moments of inactivity while the flagellum is still attached to the 
living cell, as well as after the cast flagellum has ceased movii^, mastigonemes 
may be observed, set in an orderly single row along one side of the flagellum. 
It must be emphasized that they have been seen only on cells which subse¬ 
quently died or on dead cells or on oast flagella. Their length, spacing, and 
angle with the flagellar axis are approximately the same as described above 
for most nigrosin preparations, and again they appear on the outside of any 
curvature of the flagellum. The flagellum itself appears smooth, optically 
homogeneous, and about 0.65m in diameter (pi. 37, /). Mastigonemes may 
occasionally be seen radiating from the bleb just described. 

Mastigonemes were also seen on flagella of an unidentified species of Euglena 
foimd in a sample of foul brackish water. The appearance of flagellum and 
mastigonemes was like that described for E. gracilis. 

Mastigonemes are not always demonstrable on flagella of E. gracilis. 
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Usually they are either present or absent uniformly on all flagella in a single 
preparation. Since they are visible only under the most favorable conditions of 
illumination, failure to see them may frequently be due to undetected flaws 
in the microscopic setup. However, the most exact duplication of optimum 
optical conditions may on many occasions not reveal any trace of appendages 
on the hving, cast, or fixed flagellum. My observations of these facts have been 
supported by Profs. J. E. Gullberg and Harold Kirby, both of whom have seen 
motile stichonematic flagella. 

Electron microscope studies. —^Examination of plate 38, a to c, shows that, 
as was found with other methods, the appearance of the dried flagellum varies 
considerably, although the technique of preparation is the same. It would 
seem that the flagella shown in plate 38, a, b, and e, have suffered less destruc¬ 
tion during the process of drying than have those in plate 38, c and d. In plate 
38, b, the flagellum is seen to contain two straight, uniform columns of denser 
(or thicker) material separated and surrounded by a region of lower density, 
which in turn is bounded externally by a sharp, thin, limiting membrane. The 
diameter of the flagellum here is about 0.51 ;t, while that of each denser column 
in the interior does not exceed O.lju. The two denser central strands might, 
on the basis of this figure, represent either the walls of a cylinder or separate 
fibers. The mastigonemes are very numerous and are estimated to be no more 
than 25 oA in diameter; they average 2.5 to 3.0/* in length. They appear on one 
side only of the flagellum, but otherwise are without any uniformity in orien¬ 
tation, being considerably tangled and twisted in some areas. There is some 
suggestion of clumping, for example, in plate 38, a, but this for the most part 
appears to be fortuitous. 

Plate 38, e, again shows the two darker central strands and the sharp limiting 
membrane. In several places, two or more mastigonemes are joined to form 
single fibrils of greater diameter, but no order appears in their arrangement. 

Localization of the origin of the mastigonemes is not possible on the basis 
of these micrographs. In plate 38, a, careful examination shows a few places 
where the base of the mastigoneme appears to cross the lighter region imme¬ 
diately below the limiting membrane. This appearance would result, however, 
if the flagellum were turned so that the origin of the mastigonemes was not 
precisely at the edge seen in profile. In the other figures, there is no evidence 
to indicate that the mastigonemes do not arise from the limiting membrane. 
On the straight portion of the longer flagellum seen in plate 38, b, there is, 
immediately external to the limiting membrane at the lower edge of the fla¬ 
gellum, a very regular series of short, oblique lines. They are constant in length, 
spacing, and angle formed with the limiting membrane, and the mastigonemes 
appear in some regions to extend out from them, as thou^ they constituted 
the basal portions of these filaments. These oblique striations do not appear 
to continue internal to the limiting membrane. 

Plate 38, c and d, depict flagella differing considerably from those just disr 
cussed. In both figures, a longitudinal fibrillar organization of the flagellum is 
evident. The frayed lower end of the flagellum in plate 38, c, shows seven 
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fibrils of approximately the same diameter, and one, to the right in the figure, 
which seems wider and could be composed of two or more similar ones. In 
neither figure is there any evidence which would explain the double strands 
previously seen, unless the appearance near the upper extreme of the fiagellum 
in plate 38, c, where somewhat more than half of the fibrillar core seems to 
come together to a blunt, rounded end, be interpreted as a suggestion of a 
fibrillar bundle. 

Surrounding the fibrillar core in the flagella shown in plate 38, c and d, may 
be seen an irregular layer of material which presents a frothy appearance. 
Whether this represents an alveolar or a fibrillar structure is not clear. Along 
the upper margins of the sections of flagella in plate 38, d, this layer is some¬ 
what more compact and displa 3 rs a certain . 
regularity which bears a faint resemblance 
to the helical fiber in the sheath shown in 
plate 37, a, and others of Brown’s micro¬ 
graphs. Around the frayed portion of the 
flagellum in plate 38, c, this layer is 
absent, perhaps being represented by 
dispersed fragments seen to either side. 

Mastigonemes are entirely absent. 

Plate 38, g, represents a portion of a flagellum fixed in osmic-acid-formalin 
before drsdng. Plate 38, /, apparently show's two such flagella l 3 dng partly 
superimposed. In both figures the core of the flagellum is very dense (as is the 
case in Brown’s osmic-fixed flagella), shows some indication of a double nature 
in the presence of a slightly lighter streak visible in the center of the core in 
some areas, and instead of being smooth is sharply and regularly notched all 
along both margins. Surrounding this is a substance of extremely low density, 
of uniform thickness, which forms the superficial region of the flagellum, a 
sharp limiting membrane being absent. Mastigonemes are barely visible along 
part of the flagellum in plate 38, g (fig. 1). They are of the same density as the 
sheathing layer of the flagellum and appear to arise from and to be continuous 
with it. Along other regions the margin of this layer is smooth and clear and 
mastigonemes are quite definitely lacking. Diameter throu^ the core and 
sheath in plate 38, g, is about 0.65/x or larger than that of the flagellum dried 
from life. 

Astasia longa 


Kg. 1. Part of flagellum of Suglena 
gracilis, drawn from electron micro¬ 
graph reproduced as plate 38, g. See 
test for ^scussion. 


Stained specimens. —^Flagella of Astasia longa in Loeffler and nigrosin prepara¬ 
tions do not differ in any significant way from those of Euglena gracilis. Most 
of the variations of structure described for the latter species were found on 
slides of A. longa. In my Loeffler preparations, a majority of the flagella were 
rather broad, flattened, and band-shaped; many of these showed a clear, pale 
stain internally with darker margins (this heavier deposition of stain along the 
margins of the flagellum occurred repeatedly in Loeffler preparations of all 
species studied); others showed one or more axial Abel’s in a lighter-stained 
matrix (pi. 39, a). 
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A great many of the cast flagella of Astasia were coiled as described above 
(pi. 39, a). Mastigonemes frequently radiate out from these coiled forms and 
stain as the sheath. On extended flagella, mastigonemes, when present, showed 
the same dimensions and orientation as in E. gracilis. 

A large number of Astasia flagella were more or less frayed. Plate 39, h, 
shows an example in which a relatively slender, uniformly stained flagellum 
separates first into two strands of unequal thickness, and, near the end of the 
flagellum, frays into one heavy and 5 to 6 very fine fibrils separated by a light- 
staining substance. 

In nigrosin preparations, flagella of Astasia were occasionally seen from one 
end of which extended a very fine, wavy thread. This usually appeared on cast 
flagella but sometimes was seen on the distal end of still attached flagella. 

Flagella of an unidentified species of Astasia which was found abundantly 
in an enriched sample of pond scum showed approximately the same structures 
and variations as those of Astasia longa. 

Dark-field studies.—Astasia longa reacts just as does Euglena gracilis to 
dark-field illumination. The former species is somewhat more sensitive to 
centrifugation than is E. gracilis —^i.e., the cells are more likely to cast their 
flagella and ultimately to break or burst if centrifugation is repeated or pro¬ 
longed; in dark-field preparations of A. longa, bleb formation occurs somewhat 
more rapidly and flagella are more frequently completely rolled up soon after 
being cast than is the case with Euglena. Mastigonemes may be seen occa¬ 
sionally (pi. 39, c) but by no means always. The stmeture and dimensions of 
the flagellum seen in dark-field are identical in the two species. On a few occa¬ 
sions cast flagella of Astasia were seen from one end of which protruded a very 
thin, somewhat granular, vibrating thread. 

Electron microscojic studies .—Like all other methods employed, electron 
microscope examination adds to the evidence of essential structural similarity 
in the flagella of Euglena gracilis and Astasia longa. No electron micrographs 
of the latter species were obtained which show the chief features of the flagel¬ 
lum with the clarity of plate 38, h, nor were any found showing fraying of the 
flagellar core into fibrils. (Because of the greater sensitivity of Astasia to 
centrifugation, it was not possible to wash the culture enough to remove most 
traces of the nutrient culture solution; hence deposition of salts on the support¬ 
ing film causes the appearance of a cloudy and granular background in most 
of the micrographs of flagellates dried from life.) 

Plate 39, d, shows the internal differentiation of the flagellum into a denser 
central region which in some places appears to consist of two equal strands, a 
lighter surrounding region, and a sharp limiting membrane. The diameter of 
the whole is about 0.55ii. In plate 39, e and/, and plate 40, a, the dense central 
core is apparent, but its double nature is not indicated, and the lifter sur¬ 
rounding substance is not sharply botmded, a limiting membrane being absent. 
Mastigonemes are seen on all three flagella. In plate 40, a, where these radiate 
out from the coiled flagellum, some are at least 3.6ju in length. In plate 39, /, 
there is no dmarcation between the substance sheathing the flagellar core 
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and the bases of the mastigonemes, which are either so densely packed as to be 
individually indistinguishable or are partially coalesced with each other or 
with the sheath. The sheath on the side of the flagellum which does not bear 
mastigonemes is much thicker than previously seen. An apparent swelling of 
the sheathing substance is more evident in plate 40,6, where no mastigonemes 
are seen, and the sheath is fairly sharply demarcated, although without a 
limiting membrane. Diameter of the whole flagellum here is nearly 1.0/z, while 
that of the undivided dense core is about 0.3m, approximately the samA as in 
plates 39, d to/, and 40, a. 

Plate 40, c, is of Astasia longa fixed in osmic-acid-formalin before drying and 
corresponds closely to plate 38, g, of Euglena similarly treated, except that the 
sheath in plate 40, c, is completely lacking, and the double nature of the dense 
core is very clear. Near the body of the organism the core decreases in diameter 
and becomes solid and darker. Plate 40, d, shows a flagellum fixed in Schau- 
dinn’s fluid before drying. Here the two strands of the flagellar core are dis¬ 
tinct and may be seen crossing over one another. The notched mnrgm of the 
core is barely evident. Mastigonemes are visible in some areas, but it is not 
clear whether the position of these is related to the crossing of the central 

strands. , . , ,, 

Rhabdomonas incurvum (= Menoidium incurvum) 

Light microscope preparations of Rhabdomonas flagella offered only two points 
of interest. One was the occasional fraying of the flagellum into what appear 
to be about 8 to 10 fibrils (pi. 40, e); the unfrayed portion of the flagellum is 
darkly stained by Loeffler’s technique and without any evidence of a sheath. 
The other is the fact that, although no mastigonemes were seen on the flagella 
of Rhabdomonas in any stained preparations or in dark-field, stained flagella 
of Monas vestita lying close to or even superimposed on those of Rhabdomonas 
showed typical bilaterally arranged mastigonemes. 

None of my electron micrographs of Rhabdomonas flagella shows any clear 
evidence of the fine longitudinal fibers seen in plate 40, e. Plate 40, /, reveals a 
small section of a Rhabdomonas flagellum, emerging from the cell at the left, 
in which the only apparent structures are two major fibers which cross over in 
the center of the picture. Plate 41, c, shows the tip (or perhaps broken end) of 
a flagellum, "with some suggestion of internal longitudinal fibers, and with nu¬ 
merous (probably twenty or more) very fine fibrils fraying out at the end, but 
these appear to be continuous rather with the sheath than with the core of the 
flagellum. In the majority of the micrographs the axis appears as an undiffer¬ 
entiated shaft, with some evidence of beading, e.g., in plate 41, a. In plate 41, 
c and d, the axis is surroimded by a region of low density which is bounded by 
a limiting membrane, seen most clearly in plate 41, d. 

Mastigonemes are clearly represented on most of the flageUa; usually they 
appear along one side only of the flagellar axis, but in certain regions of plate 
41, 0 , and plate 42, h and c, they are present for short distances on both sides. 
All figures on plate 42 show fibrillar structures in the region surrounding the 
axis, the fibrils in some aread passing transversely, possibly in a spiral or 
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circular manner. Plate 42, a, is of particular interest. The sheath at the upper 
extremity of the flagellum is disrupted, presenting a frothy appearance slightly 
suggestive of that in parts of plate 38, c and d, of Eugkna gracilis. Farther 
down, the fibrils of the sheath would appear to be unwrapped, their free ends 
extending laterally as typical mastigonemes (see fig. 2). In plate 42, h and c, 
the continuation of transverse fibrils in the sheath as mastigonemes is very 
strongly suggested. Since it is obvious that the number of mastigonemes per 
unit length is greater than the number of transverse fibrils visible in the sheath, 
one may conclude that the latter fibrils represent bundles of subfibrils the 
frayed and extended ends of which are mastigonemes. 

Peranema trichophorvm 

Results from all methods of study of this species corroborate Korschikow’s 
(1923) report that the flagella consist of three main longitudinal fibers. Par¬ 
tially frayed flagella in Loeffler preparations are shown in plate 43, o and b. 
Although Korschikow’s summary stated that the axoneme of the fl/igallmn 
frayed into these three strands, impl 3 dng the presence of a surrounding sheath, 
none of my preparations have clearly indicated the existence of a sheathing 
or embedding substance. 

Mastigonemes have not been seen in any preparations on the flageUa of 
Peranema trichophorum. In most Loeffler preparations, bacterial flagella are 
clearly stained, and slides made of cultures including both P. trichophorum 
and Moruis vestita clearly demonstrate the pantonematic flagellum of the 
latter, but there are no indications of appendages on the flagella of P. tricho¬ 
phorum. 

When living cells are treated with dilute gentian violet as recommended by 
Korschikow, the attached flagellum usually becomes free, both flagella become 
immotile, and both may separate into three clear, continuous, longitudinal 
fibers as described by him. When the concentration of the stain is low, the 
flagella usually remain unstained, or practically so, and the three fibers 
appear identical. After heavier staining, however, the dye is absorbed in the 
flagellum by only one of the throe strands. In an unfrayed flagellum, a single 
straight axial fiber is stained, and colorless bands are seen symmetrically 
bordering it. In frayed flagella, the stained fiber is, as a rule, fairly straight, 
the unstained ones more or less twisted about itj the three seem equal in 
diameter. There is no indication of a sheathing substance. 

After an exposure of some minutes to dark-field fllumination, the flagella of 
P. trichophorum are usually shed, and soon begin to separate into three appar¬ 
ently equivalent strands. The originally smooth, optically homogeneous fla¬ 
gellum may start to fray at any point. The separation into strands may be 
complete, with all strands remaining intact for the entire length of the fla¬ 
gellum; or the fibers may fragment in the process of separation, the fragments 
usually coiling to form loops about or near the remainder of the flagellum 
(pl.43,c). 

Neither light- nor dark-field studies of living or fixed flagella gave any support 
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to the commonly offered description, of the Peranema flagellum as tapering, or 
terminating in a free axial thread (e.g., Calkins, 1933). In all my preparations 
the flagellum appeared to be uniform in diameter and to end bluntly. 

For the most part electron micrographs showed the flagellum of P. tricho- 
phorum as a fairly homogeneous opaque structure, about 1.1/t in diameter. In 
plate 44, c, there is indication of a subdivision into three heavy fibers which do 
not appear to be twisted about one another. Plate 44, a and b, which are micro¬ 
graphs of neighboring portions of a single flagellum, clearly show the fraying 
out of the three fibers. There is a suggestion of cross striation of single fibers 
in both figures. 



Pig. 2. Part of flagellum of Mhaidomonas meurvwn, drawn from electron micrograph 
reproduced as plate 42, a. See text for discussion. 

Peranema acus (= Heteronema acus) 

Loeffler preparations of this species serve only to show a dark-stained axoneme 
and lighter sheath, with occasional indications of longitudinal fibrils within 
the axoneme. Nowhere is there any indication of the clear and consistent 
separation of the entire flagellum into longitudinal fibers seen in P. tricho- 
phorum. The addition of gentian violet to living organisms immobilizes the 
flagella and may stain the axoneme but causes no fraying. No mastigonemes 
or terminal appendages were seen in any stained preparation, although bac¬ 
terial flagella were clearly demonstrated on the same slides. 

In dark-field, normal active individuals have smooth, optically homogeneous 
flagella, which end bhmtly without tapering; the shorter trailing flagellum 
appears slightly more slender than the long anterior one, which is about 0.7 or 
0.8a in diameter. After a few minutes in an illuminated field the flagella 
gradually disintegrate into granules or globules, leaving no trace of structure 
or organization. Disintegration may be preceded by bleb formation. Motility 
may be retained after the appearance of blebs and until surface disruption 
is quite marked. 

Electron noicrographs of the Peranema acus flagellum all show differentia¬ 
tion into a rather well-marked core and sheath. In plate 44, /, the core shows 
some fraying near the tip, where it is surrounded by the lighter sheath. The 
latter is quite smooth and well-defined; a number of very fine fibrils extend 
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from the distal end. Separation of the core into subfibers is also seen in plate 
44, d and e, where the sheath appears swollen and irregular. 

Entosiphon sulcatum 

In stained preparations the flagella of this species may show dark axonemes 
and light sheaths. No evidence was seen of fraying of any part of the flagellum. 
The two flagella show identical structure. Mastigonemes were never indicated, 
although the pantonematic flagellum of Monas vestita was demonstrated on 
the same slides. Fresh dilute gentian violet causes no fraying and reveals no 
differentiation other than the occasional appearance of close-set cross or spiral 
striations. 

Dark-field examination shows the flagella of active organisms to be smooth, 
optically empty, and of a constant diameter of about 0.7/x. Exposure to dark- 
field illiunination causes them to slow down graduallj’’, although some motility 
remains w^hile blebs form, usually near or at the tips. Disintegration of the 
flagellum occurs explosively, portions of either flagellum suddenly transform¬ 
ing into granules and globules of varying sizes. The flagella usually are not cast. 

One series of electron micrographs of E. sulcatum (pi. 45, a to c, c) shows in 
the center of the flagellum cither two longitudinal strands or a cylinder of a 
fairly dense material; the center of this structure and the narrow region im¬ 
mediately surrounding it are less dense; this lighter region is bounded laterally 
by a sharp, thin, dark line. Peripheral to this is a layer of var 3 dng thickness, 
which appears to be fibrillar in structure. The fibrils seem to be packed in a 
fairly orderly manner and to pass transversely. Free ends are visible occa¬ 
sionally, but in no case seen are these as extended or numerous as are the mas¬ 
tigonemes of Euglenaj Astasia^ or Rhahdomonas, The body of the flagellum, 
exclusive of the fibrous layer, is about 0.6 to 0.7/x in diameter; the fibrous 
layer varies from almost nothing to a thickness nearly as great as the diameter 
of the flagelliun. In some of the figures, swellings are seen in the light region 
immediately within the bounding membrane. 

Another series of micrographs, exemplified by plate 45, d, shows a simpler 
differentiation of the flagellum into a uniformly dense, solid core, about 0.4 
to 0.5/i in diameter, and a sheath of exceedingly low density and no visible 
structure, about 0.3ju in thickness. 

Monas vestita 

A monad, Monas vestita, occurring as a contaminant in a strain of Entosiphon 
sulcatum which had been imperfectly isolated from a wild sample, served as a 
useful check on the adequacy of fixation and staining procedures, since a w^ell- 
stained preparation alw^ays showed mastigonemes on the longer flagellum. No 
satisfactory electron micrographs were obtained of this species, the flagella of 
W'hich are exceedingly susceptible to disintegration. When studied in dark- 
field, the flagella disintegrated rapidly, with no interval of quiescence which 
would permit detection of mastigonemes. However, specimens dried from life 
and stained according to Loefller’s method offer some evidence concerning the 
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question of bilateral or multilateral arrangement of mastigonemes on panto- 
nematic flagella. As may be seen in plates 45, /, and 46, a and 5, flagella of this 
species bear mastigonemes which appear on both sides of the axis, the filaments 
being shorter, probably finer, and arranged at shorter intervals along the 
flagellum than is the case in Loc'fller preparations of Euglena and Astasia. If 
the mastigonemes take their origin from points all over the surface of the 
flagellum lalhor than in two discrete rows, one would expect, when the flat¬ 
tened, di'ied flagellum is seen in profile, to find indi¬ 
vidual mastigonemes of varying lengths, since only the 
distal portions would be visible of those filaments 
arising from the upper and lower surfaces of the flagel¬ 
lum. In the specimens I have studied this does not 
appear to be the case. All three figures reveal some re¬ 
gions along the flagella where the mastigonemes are not 
clumped or twisted and seem to be of remarkably 
uniform length; no shorter filaments can be detected. 

This is particularly evident in plate 46, 6, where a por¬ 
tion of the row of mastigonemes has been tom away, 
presumably during or after fixation, from the surface 
of the flagellum; the uniformity of the mastigonemes is 
conspicuous (see fig. 3). Even in areas where clustering \^^ofMonls^>^sUta 
of the mastigonemes obscures their relative lengths, drawn from photomi- 
there is no indication of greater density near the body crographreprodu^d as 
of the flagellum, as should be the case were the arrange- discussion, 
ment multilateral. 

Sphaerella lacustris 

Electron micrographs reproduced in plate 46, c to e, show portions of the 
flagella of Sphaerella lacustris. A denser core, with some suggestion of fibrillar 
structure in plate 46, c, a lighter surrounding area, and an enveloping mem¬ 
brane are again apparent. Plato 46, c and e, show a wrinkling and buckling of 
the surface membrane, indicating a greater degree of shrinkage, or contrac¬ 
tion, of the inner elements than of the membrane. Plate 46, c, reveals the distal 
end of one flagellum, with no suggestion of the terminal filament reported for 
both flagella of this species by Petersen (1929). 



DISCUSSION 

It seems clear from all the descriptions given above that examination of stained 
flagella with the ordinary light microscope alone contributes little further to 
knowledge of the structure of this organelle. Such examinations obviously will 
continue to be useful in comparative studies, provided, as Owen (1947) points 
out, that a uniform method of preparation is employed, and that such a 
method includes a rapid and complete fixation of specimens before drying in 
order to avoid the extreme variability in appearance due presumably to partial 
disintegration of the flagellum before fixation. The results of my studies of 
stained specimens serve chiefly to corroborate certain evidence from dark-field 
and electron microscope work. 



396 


University of California Publications in Zoology 


Euglena-Astasia-Rhabdomonas Type 

Of the six euglenoid species I have studied, the three for which more satisfac¬ 
tory series of micrographs were obtained will be discussed first. 

All of my evidence leads to the conclusion that the flagella of Euglena gracilis 
and Astasia longa are similar in structure. Deflandre (1934) found such a re¬ 
semblance in the flagella of E. gracilis and A. dangeardii, and Brown’s (1945) 
report indicates that the flagella of E. gracilis and A. klehsii do not differ 
significantly. My brief examination of flagella of unidentified species of the two 
genera did not reveal any deviation from the common appearance. On the 
basis of my microgi’aphs, it seems probable that the flagellum of Rhabdomonas 
incurvum is of a similar type. 

My results agree with Brown’s in showing a dense axial core which either 
is normally present as two discrete fibers or is readily separable into two (cf. 
Dellinger’s [1909] report of a flagellum of Euglena sp. separable into four 
strands). These major fibers may in turn be divided into fibrils, of which a 
maximum of nine or ten per flagellum is probable. Where such fraying has 
occurred, there is little if any trace of the former association in two fibers. The 
diameter of the more slender fibrils in plate 38, c, is probably between 350 and 
600A. These figures for the number and diameter of fibrils show a striking 
conformity to those for fibrils in cilia, flagella and sperm tails examined with 
the electron microscope by Jakus and Hall (1946) and the earlier authors 
reviewed by Schmitt (1944). Foster et al. (1947) do not give the number or 
dimensions of fibrils in their electron micrographs of protozoan flagella, but 
their figure 10 indicates a larger number than previously seen. They also 
demonstrated an intimate twisting of the fibrils in their “fibrous” type of 
flagellum, a phenomenon not described by other investigators. 

Evidence for the nature of the sheath is much less conclusive. The only 
structures other than the longitudinal fibrils described in the reports of 
Schmitt, and of Jakus and Hall, were in some cases an ill-defined cross striation 
and in others (mammalian speim tails) a helically wound fibril surrounding 
the fibrillar core. Saxe (1947) described for Octomitus intestinaliSj and Foster 
et aL showed for unidentified flagellates a sheath of lower density than the 
axial core, but with no apparent structure. Brown (1945) described for the 
flagella of Euglena gracilis and AsUnsia klehsii a sheath which contains, or 
consists of, what he interprets as a closely wrapped helical fibril. His evidence 
is drawn for the most part from micrographs which present two rather diverse 
types of appearance. On the one hand, his plates 2, a; 3, a and b; 5 and 7 
show a sheath which (except for the upper part in figure 7) is clearly distinct 
from and less dense than the axial core; here the fibrils in the sheath extend 
well away from the axis and could be oriented circularly or as one or more 
helices of low pitch. On the other hand are plates 1, b; 2, b; and 9, where the 
sheath, if present at all, is closely appressed against the axis and there are 
visible nodules along the sides of the axoneme which could be interpreted as 
helical fibrils seen in profile, the spiral being of higher pitch than in some of 
the examples just described. 
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The majority of my electron micrographs of Euglena gracilis and Astada 
longa show the sheath either as a variously swollen and almost structureless 
substance, as in plate 40, 6, of Astosia, or as an area of almost complete 
electron permeability bounded by a sharp, thin, limiting membrane, as in 
plate 38, ?>, of Euglena, Only in plate 38, c and d, of Euglena is there any indi¬ 
cation of a fibrillar sheath. In plate 38, / and g of fixed specimens, the serration 
of the margins of the axial fibers might correspond to the nodules interpreted 
by Brown as sections of a helical fiber, but in these cases a sheath is visible 
and structureless. 

The micrographs of Rhabdomonas flagella clearly show fibrillar elements in 
the sheath. As pointed out above, plate 42, a, &, and c, strongly suggest that 
the mastigonemes actually are the somehow freed and frayed ends of fibrils 
which compose or contribute to the sheath. Certain evidence drawn from the 
work of previous authors lends some support to this observation. Foster et al. 
point out that in some of their electron micrographs, mastigonemes appear to 
arise in groups from nodules visible along the side of the shaft of the flagellum, 
which they believe correspond to the nodules interpreted by Brown as the 
helical fibril of the sheath. These nodules, however, in the micrographs of 
Foster et al.^ were limited to one side of the flagellum. Brown's plate 11 of the 
pantonematic flagellum of Ochromonas variabilis shows mastigonemes appar¬ 
ently arising from the nodules, which here appear on both sides. 

None of my micrographs indicates a helical configuration of the fibrils of 
the sheath as strongly as do those of Brown (see pi. 37, a). In my plate 42, a 
and 6, and fig. 2, transverse or slightly oblique fibrils, occurring at fairly regu¬ 
lar intervals, are most clearly seen in a region immediately adjacent to the 
dense axial core, and, as just stated, in some areas these appear to continue 
directly as clusters of mastigonemes. On the basis of these figures, it appears 
quite possible that the fibrils arise from the axial core, pass laterally through 
the region of the sheath (perhaps through a substance of low density w^hich 
holds them in place and prevents fraying) and then fray out as mastigonemes. 
In some areas the fibrils, or a majority of them, are not so frayed, but seem 
to run a longitudinal or spiral com^e at or near the surface of the sheath. The 
close packing of fibrils occupying the region of the sheath in plate 41, 6, might 
bo explained by assuming that the sheath fibrils have separated into their 
component mastigonemes which, instead of extending laterally, adhere to 
the surface of the flagcllmn. 

The very smooth surface of the flagellum as seen in dark-field preparations 
indicates that there is some sort of foimed membrane surrounding the living 
flagellum, that is, that the sheath could not be composed of helical or trans¬ 
verse fibrils alone. This is borne out by the appearance of a sharp line bounding 
the flagellum in micrographs such as plates 38, b, and 39, d, as well as by obser¬ 
vations such as Korschikow's (1923), cited above, on disintegrating flagella. 
The limiting membrane apparently is destroyed by most chemical fixatives 
and frequently by drying. 

Several of Brown's micrographs and most of mine of Euglena and Astasia 
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offer evidence of a nonfibrous substance occupying the space between axoneme 
and limiting membrane which seems to be the most variable of all the elements 
of the flagellum. The region it should occupy is distorted where the flagellum 
comes in contact with foreign objects (pi. 38, b and c); it may appear swollen 
and structureless (pi. 40, h ); it apparently is often destroyed during the pro¬ 
cesses of fixing and staining for the light microscope. Mainx (1928) obseiwed 
in dying euglenoid flagella that this substance is probably fluid, or becomes so 
as disintegration sets in. 

From these accumulated observations, it seems probable that flagella of the 
euglenoids under discussion consist of an “axoneme” composed of fibers com¬ 
parable in number and diameter to those of other flagella, ciUa, and sperm 
tails, but here arranged in two bundles, and a composite “sheath” which 
includes some fibrillar elements, a probably semifluid matrix, and a limiting 
membrane; the fibrils of the sheath, under some conditions at least, fray out 
laterally as mastigonemes. 

Unfortunately, none of the micrographs thus far published has constituted 
a convincing demonstration of the internal structure, or external contours, of 
a flagellum in a lifelike state. The differences between micrographs of speci¬ 
mens which have been fixed before drsdng and those which have not are so 
great as to indicate that the fixatives used have modified the structure of the 
flagellum and its electron permeability to a significant degree. On the other 
hand, we have no proof that any of the flagella dried without previous fixation 
have not suffered considerable destruction during diying, and the variability 
in appearance among such flagella presents problems which cannot be solved 
until we are more certain of the organization of the normal flagellum. 

The present work serves to point up certain problems which must be given 
attention in further research. Prominent among these is the question of the 
orientation of the fibril or fibrils in the sheath, i.e., whether they arise from 
the axial core and pass radially through the sheath, or follow a continuous 
spiral course at or near the surface of the sheath. The former interpretation 
would seem more logical on the basis of my micrographs of unfixed specimens, 
but the latter must be considered on the basis of Brown’s work. In his plates, 
there is no discrete limiting membrane; the only fibrillar structure visible in 
the sheath is clearly transverse and probably helical. No free ends, with the 
exception of an occasional mastigoneme, are seen. Another significant puzzle 
in some of Brown’s and many of my plates is the absence of any evidence of 
fibrils within the sheath, while mastigonemes, which almost certainly are 
derived from such fibrils, are visible. 

The mastigonemes are frequently at least four or five times as long as the 
diameter of the flagellum, so that if they are frayed or unwound from a helical 
fiber in the sheath, each bundle of mastigonemes before frajdng would have to 
extend over considerably more than one complete gyre of the heUx. Associated 
with this is another enigma. Why do the mastigonemes in the euglenoid flar 
gellum appear, in the vast majority of cases, on one side only of the flagellum? 
That this is not invariably so, in RhAdomonas at least, is evidenced by several 
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of my micrographh, but oprtainly iu the majority of electron microscope prepa¬ 
rations and in all light microscope preparations I have seen, the mastigonemes 
arc miilalcral in (‘uglenoids, but not iu other groups. The facts that they rarely 
do occur on both sides and that when they arc unilateral they are usually seen 
on the outer side of any biuid in the flagellum might suggest that they are 
merely swc'pt to one side by th(> last movement of the flagellum before fixation. 
But if this is the cas(‘, why does the same phenomenon not occur more fre¬ 
quently in other specie's? My plate 42, b, would certainly indicate that the 
origin of (he fibrils is not limited to one side of the axoneme. 

Another fact that needs explanation is the marked regularity of mastigo¬ 
nemes as seen with the light microscope, especially in nigrosin preparations and 
in dai'k-field. Since the mastigonemes leave the surface of the flagellum in 
clumps, the fraying of which is visible in electron micrographs, it might be 
suggested that each clump constitutes one “mastigoneme” seen with the light 
microscope. Hut even this could not account for the difference in number and 
distribution of mastigonemes seen with the two instruments. The distance 
between clumps of mastigonemes at the sheath of the RhcMomonas flagellum 
averages about 0.1 to O.lSg; measurements taken from Brown’s plates 2, a 
and 3, a (printed here as pi. 37, a) of E. gracilis indicate that the distance 
between gyres of the helix is 0.07 to 0.16g. But in nigrosin and dark-field 
preparations of Euglena and Astasia, mastigonemes arise at intervals of about 
0.9g along the flagellum. According to Deflandrc (1934) the interval was 1.0 
to 1.5/1. It becomes necessary to assume that several clumps of mastigonemes 
must be twisted together, in some quite regular fashion, to form one super- 
mastigoncme demonstrable with the light microscope. 

This is reminiscent of the case of bacterial flagella, where dark-field and 
electron microscope examinations show a much larger number of finer fibrils 
than are visible in stained preparations. Pijper (1938, 1941, 1946) saw the 
flagella of dying typhoid bacilli imder dark-field illumination break up first 
reversibly into two flagella and then irreversibly into numerous very fine 
filaments. Johnson, Zworykin and Warren (1943) reported from electron micro¬ 
scope studies that larger fibrils of the flagella of Achrombbacter harveyi were 
about 0.0 l/t in diameter and were probably made up of subfibrils averaging 
O.OlG/t; Knaysi (1912) estimated that the width of the individual flagellar 
fibril of A erobacUr cloacae would be about 0.03/i. The diameter of mastigonemes 
seen in my electron micrographs probably does not exceed 0.025/t, or a size 
comparable to the finest units of the bacterial flagellum. Of interest in this 
connection is the recent opinion of Pijper (1946, 1947, 1948) that bacterial 
flagella are simply polysaccharide chains spun out from the slime layer coating 
the coll, which may twist together to varying d^rees depending on the activity 
of the organism and other factois. Pijper’s position has been attacked by 
Conn and Elrod (1947) and by Van Iterson (1947). 

It should be possible, with a completely optimal dark-field system, to detect 
fibrils perhaps oven as fine as the mastigonemes seen on electron micrographs. 
At any rate, further dark-field examination should yield much valuable infor- 
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malion regarding conditions governing the appearance of mastigonemes. I 
have already demonstrated that under optical conditions as nearly as possible 
identical, mastigonemes sometimes appear and sometimes do not. This mi^t 
bo due to an imperfection of the optical setup with tho result that where the 
mastigonemes failed to clump, the finer fibiils wcic invisible. (Reichert [1909] 
repoi-ted that many bacteiial flagella wore not visible in dark-field in distilled 
water or non-electrolyte-confainmg media, presumably due to phenomena of 
adsorption or to a failure of the flagellar fibnls to clump into visible units.) 
Or it might be due to the actual absence of mastigonemes under certain condi¬ 
tions. As has been seen, mastigonemes are sometimes lacking in electron micro¬ 
graphs of Euglena, Astasia, and Rhahdomonas flagella, as well as in all other 
types of preparations studied. They might, of course, be destroyed in the pro¬ 
cess of fixation. 

However, unless mastigonemes can be demonstrated on healthy living fla¬ 
gella (both Vlk and I saw them on motile but dying organisms), it remains 
possible that they are products of disintegrative protoplasmic changes. Recent 
researches do not seem to support the suggestions of earlier authors that masti¬ 
gonemes are independently motile (Fischer, 1894, and others), or rigid and 
serving to increase the effective surface of the flagellum (Mainx, 1928). I can¬ 
not understand the brief suggestion of Foster et al. (1947) that the mastigo¬ 
nemes could contribute as such to movement of the flagellum. Furthermore, 
to assume that a great brush of passive, flexible, long filaments such as seen 
in electron micrographs, or even of stouter clumps of these seen in dark-field, 
exists normally on such rapidly moving flagella as those of the species studied 
seems to me difficult. In view of their integrity in a liquid medium in dark- 
field preparations and their clearly fibrillar structure as indicated in my micro¬ 
graphs, I believe that the possibility of their being liquid substance extruded 
through pores in the sheath and subsequently coagulated, as tentatively sug¬ 
gested by Brown (1945) and maintained by Owen (1947), is unlikely. 

If it is true that mastigonemes appear only after some change from the 
normal organization of tho flagellum, the fact remains that they most definitely 
are not artifacts, but distinct structures bearing some relationship to that 
normal organization. 

There seems to be a tendency for some fibrous proteins to group themselves 
as fibers with a diameter of something imder 250A. Hall, Jakus, and Schmitt 
(1946) published electron micrographs of myosin filaments from muscle ex¬ 
tracts which the authors stated to be 50 to 250A wide. The filaments in intact 
muscle fibrils were indefinitely long but they fragmented during extraction to 
variable lengths, depending on the species of animal, but not usually exceeding 
1.5/t. An electron microscope study by Wolpers (1941) revealed the protein 
portion of erjrthrocyte membranes as a fibrous network, the fibers having a 
diameter of about 150A.. Fibrils of smaller or larger diameter have been seen 
in preparations of fibrin, collagen, and nerve axoplasm (Schmitt, 1944; De- 
Robertis and Schmitt, 1948). The diameter of the mastigoneme is less than 
250A. While it is possible that this tendency of fibrous proteins to occur in 
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bundles of this order of size may have some bearing on the formation of masti- 
gonemes, a further explanation is necessary for their characteristic distribution 
and orientation. Since it appears likely that the mastigonemes are directly 
related to fibrous structures in the sheath, such an explanation will depend on 
a demonstration of the nature and position of these fibrous structures in life. 

Thus far, all flagella and similar organelles which have been extensively 
investigated have revealed a core made up of longitudinal fibrils. Schmitt 
(1944) has suggested that “the submicroscopic longitudinal fibrils ... provide 
a unique capillary system in which a change in distribution of interfibrillary 
water might cause the undulatory contortions characteristic of the sperm tail 
and the pendular beating of cilia and flagella” (p. 38). Actually, undulatory 
contortions arc characteristic of many flagella as well as of sperm tails; it may 
be that the division of the longitudinal core into two bundles revealed in the 
euglenoids might have some relationship to this type of movement. The 
helical fibrd of the sheath, which has been demonstrated or indicated only for 
sperm tails and flagella bearing mastigonemes, could conceivably function in 
an undulating typo of movement, particularly if the helix is made up of nu¬ 
merous finer mastigonemes. 

Otheb Types 

Of the remaining three cuglcnoid flagella studied, the only one which thus far 
offers fair evidence of a structural similarity to the Euglena-AstasicirRkcAdo- 
monas type is that of Entosiphon sulcatum. The heavy double core, surroimding 
light area, and sharp limiting membrane have been pointed out, and are 
strongly reminiscent of plate 38,5, of Euglena gracilis. However, the abundance 
of fibrillar material external to all of these (pi. 45, o to c), exhibiting a notice¬ 
able transverse organization, is unparalleled in any micrographs of the above 
species. I see no reason to doubt that these fibrils are related to the mastigo¬ 
nemes of Euglena, but their occurrence in an apparently organized form out¬ 
side of the membrane which in the preceding species seems to represent the 
surface of the flagellum, is most puzzling. That this organization is not rigid 
is indicated by plate 45, c; the smooth surface of the flagellum seen in dark- 
field illumination must also be considered. 

Regarding the flagellum of Perancma acus, the significant facts which emerge 
from my study are that, as might bo expected, the core is fibrillar, the number 
of fibrils being as yet undetermined; and that a sheath is present, whose con¬ 
stituents have still to be exposed. For the flagellum of Peranema trichophorum, 
a comparable paucity of evidence prevents any conclusion other than the 
already recognized fact of its tripartite nature. The difference in the reaction 
of the three fibers to gentian violet staining is of interest. It is probably safe 
to assume that further study will show a division of the three major fibers of 
the P. trichophorum flagellum into fibrils, and that some sort of sheath will be 
found. In view of its extraordinarily large size (around l/t in diameter as con¬ 
trasted with about 0.5;t in Euglena gracilis, for instance) the peculiar structure 
of this flagellum is not surprising, and more information concerning its sub- 
microscopic organization is highly desirable. 
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My light microscope studies of the flagellum of Monm vestita sei-ve chiefly 
to emphasize the variability of conditions governing the appearance of masti- 
gonemes on flagella of different species. As has been pointed out, mastigonemes 
were clearly seen on flagella of Monas in Loefller preparations which failed 
to reveal them on the flagella of RJiabdomonas, P. trichophorum and Entosiphon. 

The absence of any terminal appendage on the flagellum of Sphaerella 
lacustris in plate 40, c, is of interest inasmuch as this species was reported by 
Petersen (1929) to have two aeronematic flagella. He stated that specimens 
fixed in osmic acid vapor before drying failed to show the terminal filament 
while those dried from life frequently showed it clearly. The fact that in plate 
46, c, the sheath siurounds the tip of the fibrous core may indicate that when 
a terminal filament occurs in this species it is an extension of the sheath rather 
than of the axoneme. 

As noted above, I have occasionally seen in dark-field preparations, par¬ 
ticularly on the flagellum of Astasia, a tenuous wavy thread spun out from the 
tip of the dying flagellum. Similar structures appeared in nigrosin mounts. 
Ellison (1945), studying zoospores of fungi with the light microscope, reported 
in several instances aeronematic flagella, blunt flagella and (or) knobbed fla¬ 
gella present on varying proportions of living as well as stained individuals 
examined within a single species; in aeronematic flagella, base and filament 
varied inversely in length. He suggested that the knobbed end resulted from 
an unexplained more fluid condition of the substance which otherwise might 
be drawn out as a terminal thread. Such evidence indicates that the terminal 
filament reported for so many flagella (see table 1) may in some cases be a 
transient, though naturally occurring structure, and in others a product of 
disintegration. In still others it seems to be a consistently formed appendage 
(e.g., PmtatnehoTnonas hominis, Kirby, 1945). As far as I know, no electron 
micrographs showing aeronematic flagella have been published. 

While the universality of longitudinal fibrillar organization in the core of 
all types of flagella and cilia is becoming increasingly apparent, and evidences 
for the occurrence of fibrillar structures in the sheath are multipl 3 dng, the 
significance of the nonfibrous substance of the sheath must not be overlooked. 
The individuality of the flagella of various species is attested by their peculiar 
patterns of movement, responses to the rigors of dark-field illumination, and 
staining reactions. It seems probable that the sheath is responsible for many 
of these specific characteristics. 

Taxonomic Implications 

The use of flagdlum type (i.e., presence and kind of appendage on the fla¬ 
gellum) as a taxonomic character, indicative of phylogenetic relations, has 
been suggested by Petersen (1929), Vlk (1938), Brown (1945), and Copeland 
(1947), among others. The data accumulated in table 1, copied from Vlk, 
strongly favor the conclusion that, at least where flagellar appendages are 
readily demonstrable, their appearance is strikingly uniform within the larger 
systematic categories. However, the character must be employed with caution. 
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Clearly the absence of any appendage cannot be assumed to be diagnostic, as 
proven by the failure of Mainx (1928), Petersen (1929), Deflandre (1934) and 
the present A\ritor to demouslrale mastigonomes on the flagella of some of the 
euglenoid species studied in caeli case; by Ellison’s (1945) discovery of simple, 
acroneinatie or knobbed flagella on individual zoospores of a aingla fungus 
species; and by the abw'uee of a terminal filament in my preparations of the 
supposedly aeroiunnatie flagellum of the phytomonad, S-plxaerella heustris. 
Furthermore, until we have a much better understanding of the nature of 
mastigonemes, their relation to the sheath, and the factors governing their 
occuiTcnce, as well as of the submicroscopic structure of acronematic flagftllg ,, 
it remains possible that mastigonemes may be demonstrated under some con¬ 
ditions on the flagella of species in groups such as the phytomonads. 

However, these facts do not preclude the use of positive flagellar characters 
for systematic and phylogenetic studies. Vlk has pointed out two cases of 
organisms formerly placed in the Chrysomonadina in which evidence of fla¬ 
gellar types supported evidence from other sources indicating that their taxo¬ 
nomic position should be changed. 

The stichonematic flagellum seems to be a clearly identifiable type and so 
far has been demonstrated convincingly only on some euglenoids. Moreover, 
all euglenoid species reported to have such flagella belong to the conventional 
families Euglcnidac and Astasiidae (sec table 1), with the exception of Urceolus 
cyclosUmus, seen by Vlk (1938). His report of a stichonematic flagellum for 
this species is based on examination of a single organism and cannot be ac¬ 
cepted without corroboration. The flagella of Entosiphon sulcatum, as described 
above, do not show typical mastigonemes, but seem to have a fibrillar organi¬ 
zation somewhat modified from the Euglena type. It may be quite significant 
if the distinction evident so far is found to be consistent, that is, if all organisms 
usually placed in the Euglenidae and Astasiidae should be found to have more 
or less typical stichonematic flagella, while members of the Peranemidae show 
different flagellar organization. 

Ilollande (1942) and Pringshoim (1948) have discussed groups of pigmented 
and colorless species (normally separated in two families) which seem to be 
more closely related to each other than to other green or unpigmented forms 
respectively. The very clos(‘ similarity in structure and reaction of the flagella 
of species Afiiflsia and Euglena given close comparative study so far, is inter¬ 
esting in this respect, since the three Astasia species, A. longa, A. dangeardii 
and A. klehsii, are all rather similar in other details, and since A. longa differs 
from E. gracilis, the species of Euglena studied in each case, only in the lack 
of chromatophoros and eyespot (Pringsheim, 1948). It seems possible that care¬ 
ful examination of flagellar structure might aid in clarifsdng relationships 
among green and colorless forms and perhaps even help to establish some more 
natural classification scheme than the present very unsatisfactory separation 
of Euglenidae and Astasiidae (see Hollande, 1942). 

Schiller (1925) placed two green marine genera with stigmas but without 
reservoirs in the order Euglenida as primitive forms. It should be interesting 
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to study the flagella of these organisms; demonstration of unilateral mastigo- 
nemes would constitute strong support of Schiller’s position. If his species are 
indeed primitive euglenoids, their flagellar type would bo significant in any 
event. 

Contrasted with the rather similar flagellar oi’ganization found in all other 
euglenoids studied arc the widely divergent types of flagella seen in members 
of the family Peranomidae. Further study may, of course, reveal a common 
basic pattern, yet the flagella of Pcran&na trichophorum and P. acus remain 
strikingly different. In spite of this difference, the resemblance between the 
two organisms in every other respect is so close that I see no adequate reason 
for altering their congeneric status (Pitelka, 1945). 

Deflandre (1934) described a stichonematic flagellum for the dinoflagellate, 
Glenodinium uliginosum. He admitted that his evidence was not perfectly 
convincing, and when Vlk (1938) repeated the work and examined other dino- 
flagellates, he came to the conclusion of Entz (1928) that at least the transverse 
flagellum was band-shaped, the longitudinal one sometimes being acronematic. 
Hence I believe that Copeland (1947) is in error in drawing on Deflandre’s 
evidence to support a close relationship between the dinoflagellates and eugle¬ 
noids. 

SUMMAHY 

The flagella of six species of the order Euglenida, Euglena gracilis, Astasia 
longa, Rhahdomonas incurvum, Peranema trichophorum, Peranema acus and 
Entosiphon sulcatum; one chrysomonad, Monas vestita; and one phytomonad, 
Sphaerella lacustris, have been studied, using stained specimens for light micro¬ 
scope examination, living organisms seen in dark-field, and electron micro¬ 
graphs of dried specimens. 

The flagella of E. gracilis, A. longa, and R. incurvum were found to consist 
of an axoneme, composed of about nine longitudinal fibrils 350 to flOOA in 
diameter, arranged in two compact, parallel bundles; and a sheath which 
includes fibrillar elements, a probably semi-fluid matrix, and a limiting mem¬ 
brane. Under some conditions, apparently always associated with death of the 
organism, the fibrils of the slieath fray out along one side only (rarely more) of 
the flagellum into fine lateral filaments, the mastigonemos, which in electron 
micrographs appear very numerous, without any regularity of arrangement, 
and of a diameter estimated at loss than 250A. Mastigonemos were seen on 
motile but dydng organisms in dark-field, where they appear much less nu¬ 
merous, thicker, and very orderly in orientation. The number and diameter of 
longitudinal fibrils in the axoneme correspond closely to those in all other 
flagella, cilia and sperm tails extensively examined with the electron micro¬ 
scope, and adds to the probability that the axoneme is the contractile part of 
the flagellum. 

The flagella of Eniosiphon sulcatum show a basic similarity to the Euglena 
type, but the fibrillar structure of the sheath is different. Peranema acus has 
an axoneme which is probably fibrillar; no structure has been observed in the 
dreath. The entire flagella of P. trichophorum separate rather readily into 
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three longitudinal fibers; no internal differentiation has been detected. None 
of these species bears mastigonemes. 

The flagella of Sphaerella hcustris, which, in common with those of other 
phytomonads, are generally supposed to bear single terminal fine filaments, 
are seen to end bluntly, with no decrease in diameter, the probably fibrous 
axoneme being completely sun-ounded at its tip by the sheath. No electron 
micrographs have been obtained of the flagella of Monas vestita, but stained 
specimens almost invariably show mastigonemes on both sides of the longer 
flagellum. 

Unilateral mastigonemes have been convincingly demonstrated only on 
members of the euglenoid families Euglenidae and Astasiidae, and their occur¬ 
rence may be characteristic of this group, whose present familial division is 
unnatural; the Peranemidae, however, apparently lack them. 
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PLATE 37 
Euglena gracilis 

a. Electron micrograph of one flagellum, showing fibrillar structure in sheath. 
End of flagellum adheres to torn strip of supporting membrane, which is 
curved back on itself at lower right. Fixed in osmic acid before drying. 
Micrograph lent by Dr. Harley P. Browm. 
h. Photomicrograph of cast flagellum, partially coiled, frayed at upper left. 
Dried from life; Loeffler stain. X 1700. 

c. Photomicrograph of cast flagellum, showing mastigonemes. Dried from life; 
Loeffler stain. X 1700. 

d. Photomicrograph of flagella of two individuals, showing mastigonemes. 
Dried from life; Loeffler stain. X 1700. 

e. Photomicrograph of two cast flagella, showing exceptionally large mastigo¬ 
nemes. Dried from life; nigrosin stain. X 1700. 

/. Drawing of cast flagellum, with characteristic bleb at proximal end, and 
mastigonemes, as seen in dark-field. Drawn from camera lucida sketch. 
X 1800 app. 
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PLVIT 3S 

I Icclion imcio^iapl ^ol J ujUna (jiaali^ ill X 8100 ipp 
a Voi turns of fl iftc IIi ol two individu ils Oiu pu c 1o ii*,h lu s close to, ind 
ispxilidl\ obs(uiul b> budvolctll Diicdlioni life 
h P liioos of 11 v 111 ol two individu ds P uI ol ct II body ij)pc us it bottom 
ol Ijf^uK bulb llirtClh lie putlv uridci ind liiddin by, this cell Iltai} 
dn-ik line 111 iijithand nuciofti iph c lustd b> two IhcilU ciossin^ and lyiiit, 
p itb •'iipci imposed lor ibout inches lont,ci flit,clliini coritmucb 
sti ii^bt to uppei Iclt bboitci (inyes back lowaid cell Diicd liomlile 
£ Poi I lou of fl ijjc Hum show in^ b i} Di u d li om hie 
d TwosComdilsolfla^clli piitullj liiycd Duediiomhle 
c Sm ill se f];ment of il i^,c Hum Diied fiom hie 

r Tw 01)01 tioiis ol fl i^c Ih, lying pai tly supc iimposed pai t of (ell body visible 
at bottom of h^uic I i\cd in osmie-aeid-loim ihii bi loic dij in,, 
g Paitolll i^^ellum inistigonemcsbaiel^ visible at uppei Icll (bee fag 1) Piud 
m osmic-icid-foim ilm befoic diying 
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PLATE 30 
Astasia lonqa 

a Photomiciogiaph ol oast flagellum coiled iii chaiaclonstic manner Dried 
liom life, Locfflii stain X 1700 

h Photomiciogiaph of tw(^ oast fligolla, the upi)Ci one hayed Diied fiom life, 
Ijoeflloi stain X 1700 

i Diaw mg ot cast fi igellum show mg bleb ncai one end, and mastigoncmcs, as 
secnmdaik-field X2500app 

d Llecti on rmci ogi aph of poi lion of flagellum Di led fi om hfe X 8000 app 

c Election microgiaph of pait ot a flagellum, mastigoncmes along light mar- 
gm, appearance ot fibrils along lelt maigm suggests mastigoncmes, but 
probably is aitifact Cell body at lowei loft Dried fiom hfe X 8000 app 

/ Electron microgiaph of pait of flagellum Diiedliom hfe XSOOOapp 






PLATE 40 

a. Electron micrograph of coiled, cast flagellum of Astasia langa. Dried from 
life. X 8000 app. 

b. Electron micrograph of portion of flagellum of A. longa. Dried from life. 
X 8000 app. 

c. Electron micrograph of part of flagellum of A, longa, emerging from cell at 
lower left. Fixed in osmic-acid-formalin before drying. X 8400 app. 

d. Electron micrograph of flagellum of A. l&nga emerging from cell at bottom; 
mastigonemes barely visible at upper left. Part of empty periplast at lower 
left, showing characteristic striations. Fixed in Schaudinn's fluid before 
drying. X 8400 app. 

e. Photomicrograph of cast flagellum of Rhahdomcma^ incurvum, partly frayed. 
Dried from life; Loeffler stain. X 1700. 

/. Electron micrograph of part of flagellum of R, incurvum, probably emerging 
from cell at left. Dried from life. X 8000 app. 
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PLATE 41 

Electron micrographs of Rhabdomonas incuwum, all X 7500 app. 

а. Entire flagellum, tip perhaps broken. Dried from life. 

б. Portion of flagellum.’Dried from life. 

c. Tip of flagellum. Dried from life. 

d. Tip of flagellum. Dried from life. 
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PLATE 42 

Electron micrographs of Rhdbdomonas tneurvuntf all X 7500 app* 
a Poition of flagellum Diirdfiom life (see fig 2) 

h Entile flagellum A ccU body and pai t of at Ic xbt one more flagellum at lower 
left Dried fiombfe 
c Cast flagellum Diied lioinhfe 
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PLATE 43 

Peranctna trichophorum 

a. Photomicrograph of flagellum emerging from coll at lower left, separated 
proximally into three liberb. Dried from life; LoeflDier stain. X 1700. 
h. Photomicrograph of i)arls of two flagella, probably both from coll at left, 
both partially frayed. Diicd from life; IjoefflcT’s stain. X 1700. 
c. Drawings of one flagellum of P. trichophorum in dark-field, sketched at suc¬ 
cessive intervals of a few seconds to show progressive splitting into three 
strands. X 1500 app. 
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PLATE 44 

a and 6. Electron micrographs of neighboring regions of single flagellum of P. 
trichophorum. Fiber curving to right in lower figure probably loops back to 
cross remaining two strands. Some cross-striation of individual fibers indi¬ 
cated. Dried from life. X 8000 app, 

c. Electron micrograph of base of one flagellum of P. trichophorum, emerging 
from cell. Dried from life. X 8000 app. 

d. Electron micrograph of portion of flagellum of Peranema acm. Dried from 
life. X 8000 app. 

e. Electron micrograph of portion of flagellum of P. acm, probably broken end. 
Dried from life. X 8000 app. 

/. Electron micrograph of end of flagellum of P. acus. Dried from life. X 6500 
app. 





PLATL 45 

a Election imciogn,ph of poilionoffhgdium of r/?io5ip//ow ^uhatum Dried 
liomhfc XStOOapp 

b Election midofii iph ol paiK of Uo flip;clh of IJ sulcatumj bictciial cclk 
nnddebub at light Diud fiomlib XSlOO ipp 
c Election micrograph ol put offhgcllumof L suUaturn, bxdduleellis lymg 
mcontact^ithlowermaigill DiicdfiomUfe XSIOO ipp 
d Election miciograph of p iits of two fl igdh of E sulcatum Pait of coll of 
this spccicb at lowci light Pointed objt c ts it upper light are mucus rods re¬ 
leased by Mowis vcsliia Diied fioinhit X 8000 app 
e Electron miciograph of shoit segment of fligellum of E sylcalum Dued 
from life X 8400 app 

/ Photomicrograph of flagellum of Mona^ veMa, cell at lowei light Dried 
fiomhfc Loefflci stam X 1700 






PLATE 46 

o. Photomicrograph of two individuals of Moms vestita with flagella. Mucus 
rods seen radiating from cells. Dried from life; Loeffler stain. X1700. 

h. Photomicrograph of part of flagellum of M. vestUa, emerging from cell at 
lower right. Part of row of mastigoncmes tom away at upper center (see 
fig. 3). Dried from life; Loeffler stain. X 1700. 

c. Electron micrograph of end of flagellum of SphacreUa laemtris. Dried from 
life. X 8000 app. 

d. Electron micrograph of bases of two flagella of S. lacustris. Dried from life. 
X 8000 app. 

e. Electron micrograph of part of flagellum of S. heustris. Supporting film is 
torn and folded. Dried from life. X 8000 app. 
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